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THEORETICAL 
The study of naturally occurring compounds has developed 
concurrently with organic chemistry. In common with the studies of 
natural products of all kinds, flavonoid chemistry has emerged from 
the undirected search of new compounds, and the establishment of 
their structures by conventional means. Substantiation and confirm-
ation of the structures of flavonoid compounds by total synthesis 
has continued to develop. A variety of ingenious manipulations of 
functional groups have provided convenient methods for the synthesis 
of flavonoid compounds with a wide range of functional substitution 
patterns. Significant progress has also been made in the solution 
of problems relating to the biological origins and inter-relation-
ships of flavonoid compounds. 
The flavonoids, an important group of naturally occurring 
plant pigments, are generally polyphenolic compounds having C^-C-^-C^ 
carbon skeleton. Among flavonoids, the term assigned to this large 
class of natural substances, derivatives of 2-phenylchroman occupy 
an important position. 
The flavonoids are important to man not only because they 
contribute to plant colour but also because many members are 
physiologically active. The importance of flavonoidic compounds in 
the tanning of leather, the fermentation of tea, the manufacturing 
of cocoa and in the flavour qualities of foodstuff is well 
la b 
established * . Certain flavonoids are among the earliest known 
2a 
natural dyestuffs • They are widely used as antioxidants for fats 
and oils ^' . Among the physiological activities of flavonoids * 
include vitamin P activity, diuretic action, treatment of allergy, 
protection against X-ray and other radiation injuries, cure of frost 
bite, antibacterial activity, prophylactic action, oestrogenic 
4 5 
activity, antitumour effects and anticancer property . 
The term 'flavonoid' derives from the most common group of 
compounds, the flavones, where an oxygen bridge between the ortho 
position of ring A and the benzylic carbon atom adjacent to ring B 
forms a new y-pyi'one type ring. Such heterocycles, at different 
oxidation levels, are present in most plants. The flavane corres-
ponds to the lowest oxidation level of ring C, and is taken as the 
parent structure for the rational nomenclature of this group of 
compounds. 
An oxygen bridge involving the central carbon atom of the 
C^-chain occurs in a rather limited number of cases, where the 
resulting heterocycle is of the benzofuran type. The aurones belong 
to this structural group. The oxygen bridge is absent in chalcones 
and dihydrochalcones. Principal structural groups of natural 
flavonoids are shown in Fig.-l, The oxidation levels concern the 
three central carbon atoms: [+10 or -2H]= +1 oxidation unit. 
Besides the carbon atom link, the flavonoids also have 
typical oxygenation pattern in their benzene rings. Ring A generally 
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has three alternate oxygens at position 2',4' and 6* in the open 
formula or, in other words ring A generally derives from phloro-
glucinol. Compounds having more or less oxygens in their A ring are 
very seldom encountered. The ring A can be occasionally alkylated 
with methyl groups, prenyl or prenyl derived units or with glyco-
sides. In contrast, ring B has, in most cases, a para-oxygen substi-
tuent, or two oxygens, para- and meta- with respect to propane chain. 
Compounds with non-oxygenated B ring or with one ortho-oxygen 
function are very rarely found. Compounds bearing three oxygens, one 
para- and two meta- are less frequent. Typical oxygenation pattern 
in flavonoid is shown in Fig.-2, and Fig.-3 shows substitution 
pattern of the rings A and B in some less common flavonoids. 
OH 
CH —(/ \-4>H 
Isosalipurposide Apigenin 
Fig.-2 
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HO 
OH 
XXt^> 
Flavone Sulfuretin 
OCH CX:H. 
OCH, 
CH3O 0 
Nobiletln Karanjln 
Pinoquercetin 
Morin Roblnetin 
Fig.-3 
A recent addition to the flavonoid class is 'biflavonoids' 
Biflavonoids, which are generally derived from two apigenin or two 
naringenin or naringen-apigenin units, have mostly been isolated 
from gymnosperms. Depdending upon the nature and the position of 
the linkage of the constituent monomeric units, all the C-C and 
C-O-C linked biflavonoids are classified into various families ^. 
Representatives of various biflavone families, depending on the 
position of the linkage of two flavone units, are shown in the 
Fig.-4. 
Cupressuflavone Amentoflavone 
CH 0 
Agathisflavone Hinokiflavone 
Succedaneaflavone Ochnaflavone 
Fig.-4 
BIOGENESIS OF FLAVONOIDS 
Chemical s p e c u l a t i o n s on the mode of format ion of t h e 
carbon s k e l e t o n of t h i s l a r g e c l a s s of n a t u r a l p r o d u c t s s t i m u l a t e d 
t h e i n t e r e s t in t h e b i o s y n t h e s i s of f l a v o n o i d s . Although t h e o r i g i n 
7—9 
of t h e carbon atoms of f l avono id i s we l l known , t h e a c t u a l 
compounds t h a t condense t o y i e l d t h e C , e - s k e l e t o n and t h e sequence 
of changes which r e s u l t in t h e format ion of a r e l a t i v e l y d i v e r s e 
group of compounds, based on v a r i a t i o n in t h e o x i d a t i o n l e v e l of the 
C^-por t ion of t h e m o l e c u l e s , a r e l e s s we l l u n d e r s t o o d . 
B a s i c a l l y r i n g A i s formed by h e a d - t o - t a i l condensa t ion 
of t h r e e a c e t a t e u n i t s whi le r i n g B as we l l as C^-chain a r i s e from 
a phenylpropanoid p r e c u r s o r d e r i v e d from t h e sh ik imic ac id p a t h -
way . The involvement of a c e t i c a c i d and s u b s t i t u t e d cinnamic 
a c i d has been confirmed through s t u d i e s wi th l a b e l l e d compounds, 
11 12 
n o t a b l y by Gr i sebach and Geissman ( F i g . - 5 ) , 
^J~\ 3 CHgCOSCoA + 1 \ / 
Fig.-5 
3 
However, a more detailed knowledge of this reaction and 
of the chemical nature of the immediate precursors obtained from 
the enzymic studies support the proposal that CoA ester of malonic 
acid and cinnamic acid are the substrates of an enzyme-mediated 
condensation (Fig.-6) ' . While no experimental evidence has been 
obtained, so far, regarding the possible intermediates in the forma-
tion of ring A from acetyl CoA, direct evidence for the reaction 
mechanism formulated in Fig.-6 has been obtained from the chemical 
degradation of the overall product formed from p-coumaroyl CoA and 
14 
C-labelled malonyl CoA with an enzyme preparation from cell 
15 
suspension cultures of parsley . 
&") e-) e-> 
CoAS^ ^^^2 ^ o ^ S ^ ^ ^ ^ C o A S ^ ^CHg + CoAS 
C ^ C ^^  C ^ 
' « 1 
»o>^^^^V^ // \ 
OH 0 
Fig.-6 
i 0 
There are still some doubts about the actual structure of 
the phenylpropane unit used by the plants as a starter for the 
process of polyketide condensation and then ring A. Most chemists 
now believe that the cinnamic acids (p-coumaric, and more rarely 
caffeic, ferulic and sinapic acids) are obligatory intermediates in 
the biosynthesis of most flavonoids • 
It has been repeatedly demonstrated, using labelled 
17 18 19 20 
chalcones * and flavanones * , that these compounds are 
central intermediates from which most, if not all, other flavonoids 
originate. Conclusive evidence has not, so far, been obtained to 
answer the question whether chalcones or flavanones are the more 
direct precursors of the various flavonoids. There is good 
21 22 
evidence for the ^ vitro and in vivo existence of an equilib-
rium between chalcones and the corresponding flavanones. The 
chalcone-flavanone interconversion is catalysed in vivo by an 
enzyme, chalcone-flavanone isomerase, isolated from various plant 
sources • The more important naturally occurring flavonoids are 
at the same or a higher oxidation level than flavanones, and many 
special hypotheses have been proposed to explain their genesis. 
The first oxidative hypothesis for flavonoid biosynthesis 
23 
was proposed by Grisebach , who also made a detailed experimental 
study into the chemistry and biochemistry of flavonoids. The main 
feature of Grisebach's hypothesis was the formation of an epoxide 
u 
chalcone (I), which could lead to flavonols, aurones, flavones and 
isoflavones, through plausible chemical mechanisms (Fig.-7). 
The weakest point of the epoxide hypothesis is that 
natural chalcone epoxides are as yet unknown. Although, synthetic 
24 2'-OR chalcone epoxides are known , their epoxidation with H2O2 
requires strongly alkaline conditions which are conditions totally 
different from those occurring in vivo * • 
There are alternative oxidation paths, which involve 
either the enolic form of the flavanone (II) followed by an attack 
by the equivalent of OH and/or direct oxidation of a flavanone, to 
afford a cation at C-3 (III) which could be transformed to a 
27 28 flavone, flavanonol or isoflavone (Fig.-8) * . These hypotheses 
also give satisfactory explanation for the biogenetic correlations 
amongst the various flavonoids and, specially, for the very frequent 
presence of an oxygen atom in position C-3. However, the mechanisms 
proposed for the direct oxidation of flavanone to give a flavanone 
C-3 cation followed by reaction with OH, and enolisation of the 
+ 
flavanone followed by attack by equivalent of OH are doubtfully 
feasible in vitro. 
LI 
HO 
°" /^ ^ OH 
X J O ^ " 
OH 0 
( I ) 
OH 0 
y VoH 
OH 0 
F i g . - 7 
]S 
Flavan-3,4-diol 
Catechin 
Anthocyanidin 
Fig.-8 
'f 
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P e l t e r made a de t a i l ed experimental study into the 
chemistry of flavonoids and put forward a hypothe is , based on the 
phenolic oxidation of 4-hydroxychalcone (IV), which i s supported by 
a la rge number of jjni v i t r o chemical analogies . P e l t e r suggested 
tha t a hydrogen (or hydride) abs t rac t ion from the 2 - or 4-hydroxyl 
group in chalcone generates a r ad i ca l (or ca t ion) (V) which induces 
cyc l i s a t ion as depicted in F ig . -9 to give isof lavone. 
OH ^ / VoH 
Op 0 ^ ^ \ 
Fig . -9 
15 
Formation of flavones and aurones can be explained from 
the radical (V) as shown in Fig.-10, The formation of flavonols 
can be explained in terms of further oxidation of 4'-hydroxy group 
of either flavanonols or flavones (Fig.-11). 
o^_/NN 
(V) 
Fig.-10 
16 
fTirO-
"2"! 
fY°irl>' 
Fig.-11 
Flavone 
17 
The production of the flavonoids devoid of a hydroxyl 
group on the B-ring and above the flavanone oxidation level is not 
explained by Pelter's hypothesis. Pelter suggested that these 
compounds are probably produced directly from chalcones as shown in 
Scheme-I. Cyclisation of the 2'-hydroxychalcone (VI) is initiated 
by a metal ion to yield the metal enolate (VII) followed by an 
oxidative loss of the metal to yield flavone. If attack on the C-3 
of metal enolate (VII) were by water, then flavanonol would result. 
-HX 
(VII) 
Flavononol 
Scheme-I 
IS 
30 Roux and Fer re i ra have proposed another hypothesis for 
the flavonoids b iosynthes is from a-hydroxychalcone (IX) which 
probably org ina tes from p-hydroxyphenylpyruvie acid (VIII) * and 
malonate (or ace ta te ) u n i t s . The Roux theory is supported by the 
l a rge na tura l d i s t r i b u t i o n of a-hydroxychalcones * . 
3XCH3COOH + 
HOOC 
(VIII) 
The formation of both 2 , 3 - c i s - and 2 ,3 - t rans - f lavanonols 
can be explained by the cyc l i s a t i on of the enol ic form of a-hydroxy-
chalcones. Subsequent reduction of these flavanonols leads feas ibly 
to 2 , 3 - c i s - and 2 , 3 - t r a n s - f l a v a n - 3 , 4 - d i o l s and eventual ly to c o r r e s -
ponding f lavan-3-o ls (F ig . -12 ) . These c lasses of compounds form 
flavonols and anthocyanidins by oxidation and el iminat ion r e a c t i o n s , 
r e spec t ive ly . 
13 
2,3-trans-Flavanonol 
Red. 
OH 0 H 
2»3-cis-Flavanonol 
Red. 
H 
t"«// y-OH 
2,3-trans-Flavan-3» 4-diol 
I Red . 
H 0" 
2 ,3-c is -Flavan-3 ,4-dio l 
H 
Red. 
HO 
3H H 
2,3- trans-Flavan-3-ol 
..in// y—CH 
H OH 
2,3-cis-Flavan-3-ol 
Fig. -12 
u 
2-Hyc[roxy-2-benzylcoumaranones may be formed by the 
a l t e r n a t i v e method of cyc l i s a t i on to the a -pos i t ion of the enol ic 
form of the a-hydroxychalcone (IX) or more l i k e l y to the correspond-
ing carbonyl group of the keto-isomer. Such a cyc l i s a t ion requi res 
33 
acid condit ions for the enolic e ther form , while those for the 
keto form are as yet unes tabl i shed. The formation of 2-hydroxy-2-
benzylcoumaranone (X) can not be explained by the epoxide induced 
35 biosynthes is where the a l t e r n a t e method of c y c l i s a t i o n provides 
(hydroxybenzyl) coumaranone (XI) and not (X). 
(IX) 
-o 
(X) 
2i 
A recent hypothesis (Fig.-13) postulates a simultaneous 
phenol oxidation of the two aromatic rings of the chalcone inter-
mediate, followed by an intramolecular coupling, according to a 
scheme very common in plants. Intermediates such as (XII) and 
(XIII) (oxonium salts) should be formed, which could lead to aurone, 
flavone, flavanonol and isoflavone. 
Reduction of flavanonols is assumed in the biogenesis of 
flavonoid structures in low oxidation level but other possibilities 
37 38 
also exist. Thus, as shown by Clark-Lewis and co-workers * , 
sodium borohydride reduction of chalcones gives flavenes which can 
conceivably also serve as precursors of leucoanthocyanidins, 
39 
anthocyanidins and catechins . 
HOv^^^^^^^O 
')} 
(XIII) 
J4.../~Voi 45l„„^ryoH •l4.<Q)^oH 
Isoflavone 
Fig.-13 
"> ^  
u O 
The mechanism of formation of ring C in anthocyanidins 
40 has still many obscure points. Haslam's hypothesis on the 
anthocyanidin and catechin biosynthesis is the most widely accepted 
one and strictly correlates the biosynthesis of anthocyanidins with 
that of catechins (Fig.-14). 
The formation of biflavonoids, despite the range of 
biflavonoids now known, may be explained in terms of oxidative 
coupling of two chalcone units and subsequent modification of 
6a Cg-chain . Abstraction of an electron from the C-4 anion of 
naringeninochalcone (XIV) affords a radical which may be repre-
sented by the canonical formulae R , R^ and R^. 
a p y 
w 
(XIV) 
-H"^ , -e' 
HO 
< > 
Y^Y^ p/^ )=o 
OH 0 
R, Ri 
2 ^ 
-H2O 
H 04,,// \^  
OH 
+2H 
HO^^:^-^^ cQ ^/xXzi 
V ^ ^ ~ OH 
Flavan-3,4-c[iol Flavan-3-ol 
Fig . -14 
0 
While the abstraction of an electron from the C-4' anion 
of (XIV) will give another radical which may be represented by 
several canonical formulae* However, the only canonical formulae 
which are important in the biosynthesis of most of biflavonoids are 
Ri. The formation of precursors of all naturally occurring 
biflavonoids can be explained by the appropriate pairing of these 
radicals. 
An alternative to the radical pairing process is the 
possibility of electrophilic attack of one of the above mentioned 
radicals upon the phloroglucinol nucleus of a chalcone or corres-
ponding flavanone (Fig.-15) which would account for the fact 
that in most known naturally occurring biflavonoids at least one 
6- or 8-position is involved in the interflavonoidic linkage. 
0 
HO // V_ HO^^-^OH w 
Fig . -15 
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STRUCTURAL ELUCIDATION OF FLAVONOIDS 
The structural elucidation of flavonoids has been 
42 6 43 
discussed in detail in some recent reviews and monographs * • 
However, some of the techniques frequently used by us and included 
in the discussion of this thesis need mention here. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
The application of the n.m.r, spectroscopy proved to be 
the most powerful tool in the structure determination of flavonoids. 
44 The valuable contribution in this field has been made by Batterham , 
Mabry^^, Massicot^^, Clark-Lewis^"^, Kawano^® and Pelter and Rahman . 
Early work on the H-n,m.r. spectroscopy of flavonoids was hindered 
by lack of their solubility in CDCl- and CCl^. Progress was made 
50 following' the introduction of Me2S0-d^ , but the most significant 
advance arose from the conversion of flavonoids into their more 
51 
soluble trimethylsilyl ethers . 
The chemical shifts of the protons of rings A and B 
prove to be independent of each other, but are affected by the 
50 
nature of r ing C . The peaks a r i s i ng from r ing A m most 
flavonoids occur upfie ld from other peaks and can r ead i ly be 
recognised. 
The most commonly occurring hydroxylation pa t te rn in 
na tu ra l flavonoids i s 5 , 7 , 4 * - t r i s u b s t i t u t e d system (XV) in which. 
28 
owing to the symmetrical substitution, ring B protons appear as 
superimposed doublets (J=9 Hz) corresponding to an A^B^ system and 
ring A protons as AB doublets (J=2«5 Hz), In other cases, however, 
the interpretation is not so simple owing to the superimposition of 
signals and appearance of complex multiplicities of protons of an 
ABX or ABC system. 
(XV) 
Considerable variations are generally found for the 
chemical shifts of the ring C protons among various flavonoid 
43 
classes . For example, the C-3 proton in flavones gives a sharp 
singlet near d 6,3, the C-2 proton in isoflavones is normally 
observed at about d 7,7, while the C-2 proton in flavanones is 
split by C-3 protons into a doublet of doublet (J^is^^ ^^* 
J. =11 Hz) and occurs at about d 5,2. The signals for the two 
C-3 protons appear as a pair of quartets (Ju_3a_3h~^^ ^ ^^ near 
d 2.7-3.0, However, they often appear as two doublets since two 
signals of each quartet are of low intensity. The C-2 proton in 
flavanonols appears near d 4,9 as a doublet (J=ll Hz) coupled to 
the C-3 proton which comes at about d 4,2 as doublet. 
2 J 
Solvent induced shift has been used for assigning the 
position of methoxyls in methoxyflavones. By measuring the n.m.r. 
spectra first in CDCl^ and then in C,Dx, Wilson e_t al,. found that 
the size of the benzene induced shift (A.) of certain methoxyl 
signals was to some extent indicative of the position of the methoxy 
group in the flavone nucleus. 
A more recent innovation in this field is that of 
48 lanthanide induced shift . The technique is extremely helpful in 
establishing the internuclear linkage of biflavonoids and also for 
the distinction of A and B ring methoxyl signals, 
MASS SPECTROMETRY 
Electron impact mass spectrometry serves as a valuable 
tool in the structure determination of flavonoids, especially when 
only very small quantities of the compounds are available. It has 
been applied successfully to all kinds of flpvonoids. 
Most flavonoid aglycones yield intense peaks for the 
molecular ion (M"*"*). In addition, peaks for (M-H)"*" and, when 
methoxylated, (M-CH-j)"*^  are usually the major peaks. The most useful 
fragmentations in terms of flavonoid identification are those which 
involve cleavage of intact A- and B-ring fragments 
Two common fragmentation patterns of flavonoids are, an 
exception being chalcones which undergo direct fission on each side 
.0 
of carbonyl group, retro-Diels-Alder (RDA) cleavage, pathway I and 
pathway II (Chart-1), Pathway I (RDA) process affords two different 
ions designated as At'and fit*, the ratio of the two being indicative 
of the charge distribution within the parent ion. In contrast 
pathway II yields predominantly a single charged species, B^. These 
two fragmentation processes are competitive and the combined 
intensities of the B1 and [B^-CO] ions are approximately inversely 
proportional to those of At* and st* and the series of ions derived 
from them (Chart-I), 
Flavones were among the first flavonoids to be analysed 
53 54 + 
by mass spectrometry ' . Although molecular ion, M *, is the base 
peak for most of the flavones, the fragment (M-CO)"^* and pathway I 
fragments At* and st* are usually prominent. An ion (M-l)"*" is often 
found in the mass spectra of flavones, its origin, however, is 
obscure. Pathway II fragment, fit , though usually found is not much 
intense. 
In the case of flavanones, typical fragmentation by RDA 
process yields ions which correspond to the same A,' and (A+1) 
ions, observed for flavones (Chart-I); however the B-ring ion 
contains an ethylene group »^ ", 
31 
Pathway I with 
H transfer 
a' 
Pathway II 
K3 '^ - ' 
(A +^H)"*- i + . B +. B; 
(83-00)-' 
Chart-I 
a . 
v+. 
^ 0 
(A+1)^ ^0^-
B +. 
B^  
Another diagnostic fragmentation, that helps in structure 
determination of flavanones, is the loss of either a hydrogen or an 
aryl radical to produce (M-l)"*" and [M-(B-ring) ]"*" ions. 
XT 
(A4-B ring)**" 
33 
A moderately intense B-ring ion (XVI) i s found in the 
case of 4'-methoxyflavanones which is formed by the f i s s ion of the 
B-ring from the molecular ion accompanied by a hydrogen t r a n s f e r . 
(XVI) 
The presence of a hydroxyl or a methoxyl group at C-4' 
facilitates, by the enhanced resonance stabilisation of the 
molecular ion, the formation of p-hydroxybenzyl or p-methoxybenzyl 
cation (XVII), respectively. The prominence of this ion may be 
associated with its rearrangement to a tropolium structure (XVIII). 
R= H, CH, 
—' ^2^—iy-^^ 
(XVII) 
(XVIII) 
:i^ 
Chalcones give strong ions for M"*"*, (M-H)"*" and (M-CH^ )"*" 
(for methoxychalcones). However, most diagnostic fragments result 
by the fission on either side of the carbonyl group. The relative 
intensities of these ions, designated as At and BI (Chart-I) and 
of those derived from them, depend upon the substitution pattern of 
the chalcone^^'^"^. 
It has been established, in the case of 2'-hydroxy-
chalcones, that an equilibrium exists between chalcone and flavanone 
and the ions derived by fragmentation of both the chalcone and its 
corresponding flavanone are found. In some cases, however, the 
cleavage of the chalcone adjacent to the carbonyl group is much 
faster than the isomerisation to flavanone and thus the spectrum of 
the chalcone predominates. It has been emphasised that, in most 
cases, it is difficult to determine with certainty from the mass 
spectral data whether chalcone or flavanone was originally present. 
Mass spectrometry has also been very useful in the 
structure elucidation of biflavonoids. Biflavonoids have mostly 
42 been studied as their permethylated derivatives . In general, two 
flavonoid units of a C-C linked biflavonoid fragment by the pathways 
which are well defined for the corresponding monoflavonoids. Some 
A- and B-ring fragments are exactly the same as those observed for 
the monoflavonoids, while others are typical A- and B-ring fragments 
except that they have an intact flavonoid unit attached to them. The 
35 
C-O-C linked biflavonoids undergo fission on both the sides of the 
ether linkage to yield ions which undergo further fragmentation. 
Doubly charged ions are usually present. 
The modes of fragmentation of amentoflavone hexamethyl 
ether (XIX), a C-C linked biflavone, and hinokiflavone pentamethyl 
ether (XX), a C-O-C linked biflavone, are shown in Charts-II and III, 
respectively . 
AMENTOFLAVONE HEXAMETHYL ETHER (XIX) 
Main peaks : m/z 622 (100), 621 (33), 592 (8), 576 (10), 312 (2), 
311 (5), 245 (5), 181 (2), 180 (3), 135 (16) and 
132 (3). 
HINOKIFLAVONE PENTAMETHYL ETHER (XX) 
Main peaks : m/z 608 (39), 607 (12), 593 (36), 580 (4), 529 (11), 
578 (11), 576 (6), 431 (7), 327 (23), 313 (100), 312 
(22), 311 (22), 304 (2), 297 (29), 296 (25), 281 (22), 
181 (11), 180 (3), 135 (19) and 132 (18). 
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Chalcones constitute an interesting group of flavonoids 
as they are the intermediates from which most, if not all, the 
classes of flavonoids derive jji vivo and also, they serve as start-
ing materials for the synthesis of various classes of flavonoids 
59a in vitro , An examination of the structural features of chalcone 
would reveal that it possesses aromatic nuclei, a relatively less 
active olefin, a deactivated carbonyl and an a,p-unsaturated 
carbonyl functionalities. The presence of enone function in the 
chalcone molecule confers antibiotic activity * (Bacteriostatic/ 
Bactericidal) upon it. Some substituted chalcones and their 
derivatives have been reported to possesses some interesting 
biological properties, which are detrimental to the growth of 
microbes , tubercle bacilli and acrus . The structural 
characteristics, some interesting therapeutic properties, such as 
hypotensive , antitumour , antipeptic ulcer activities and 
59b potential use of some of the chalcones and their derivatives as 
artificial sweeteners, stabilisers against heat and light have 
indeed for decades stimulated intensive research in this area. 
One of the main objectives of the present studies was to 
develop synthetic strategies to assist in the synthesis and absolute 
stereochemistry of biflavonoids. Besides, the reactions of flavo-
noids and flavonoid precursors with various reagents have been 
explored in an attempt to synthesise medicinally interesting 
compounds. Furthermore, these reactions were taken in hand to 
33 
obtain an ins ight into the mechanism of the r e a c t i o n s . This pa r t of 
the t h e s i s descr ibes the r e s u l t s of the reac t ions of the chalcones 
and flavonoid precursors with various reagents . 
Fodar et^  §!_• have recen t ly reported t h a t L-ascorbic 
acid (XXI) undergoes s t e r e o s e l e c t i v e addit ion to acro le in (XXII) 
to give t r i c y c l i c hemiacetal l ac tone (XXIV) in a novel Michael type 
r eac t ion . Methyl vinyl ketone (XXV) reac t s with L-ascrobic acid in 
a s imi la r fashion to give d ike to lac tone de r iva t ive (XXVI). Upon the 
act ion of methanolic hydrogen chlor ide on XXVI, the t r i c y c l i c methyl 
ke ta l lactone (XXVII) forms. 
The Michael addi t ion takes place a t pH 4 of ascorbic acid 
and no basic c a t a l y s t i s needed. Moreover, the use of water as a 
solvent promoted the d i s soc ia t ion of ascorbic acid to produce 
L-ascorbate-3-anion, an ambient nucleophile with two p o t e n t i a l l y 
r eac t ive s i t e s 0-3 and C-2. However, the n -e l ec t ron densi ty around 
C-2 was s u f f i c i e n t l y enhanced to make C-2 the nucleophile which can 
at tack the conjugated double bond of a ,p -unsa tura ted carbonyl 
compounds. 
The precedent nucleophi l ic behaviour of C-2 in L-ascor-
bate-3-anion and the mechanistic r e a l i s a t i o n (Scheme-II) prompted 
us to explore the extensive synthe t ic po t en t i a l of t h i s reac t ion 
with chalcones which are reported t o undergo Michael type 
add i t ion^^''^^. 
0 
+ 
icH^c OiCH^CHiCH 
(XXII) 
CHgOH 
HO 0 
HOi 
(XXIV) 
+ (XXI) 
OH 
(XXV) 
H 0 - S i « 5 ^ 
HO CHOH 
(XXIII) 
^ 
HO P 
"Q^CHOH 
(XXVI) 
Scheme-II 
As a model s u b s t r a t e , cha lcone (XXVIII) was added s lowly 
t o a s t i r r e d aqueous s o l u t i o n of L -a sco rb i c a c i d under n i t r o g e n 
atmosphere and the s t i r r i n g was con t inued f o r 4 h o u r s . The s o l i d 
was f i l t e r e d , washed and d r i e d . T . l . c . examinat ion of t h e s o l i d 
showed t h a t no r e a c t i o n had taken p l a c e , p r o b a b l y , due to i n s o l u -
b i l i t y of cha lcone in wa t e r . 
4i 
In another experiment, chalcone dissolved in methanol/ 
dimethylsulphoxide was treated with aqueous solution of ascorbic 
acid. The reaction, however, did not take place. The reaction 
did not produce any results even in the presence of a basic 
catalyst. 
•Our efforts to prepare compounds (XXIX-XXXI) were 
unsuccessful, presumably, due to steric hindrance, otherwise 
the anticipated products, XXIX resulting from Michael addition, 
XXX from subsequent hemiketal formation between 0-6 and C-3 
carbonyl and XXXI from the hemiketal formation by the attack of 
0-3 at the chalcone carbonyl group, would have been useful 
intermediates for further synthetic exploitations. 
0—( 
H0-H2C^ 
(XXIX) (XXX) (XXXI) 
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Recen t ly t h e f i r s t s y n t h e s i s of t h i e t a n - 2 , 4 - d i t h i o n e s 
71 (XXXIIIa-c) has been achieved by t h e r e a c t i o n of a l k y l p - t o l y l 
su lphones (XXXIIa-c) wi th carbon d i s u l p h i d e in the p re sence of 
sodium 1 , 1 - d i m e t h y l p r o p a n o l a t e . A l so , p - c y a n o t o l u e n e (XXXIId) and 
t - b u t y l a c e t a t e (XXXIV) were shown t o undergo t h i s r e a c t i o n , though 
3 - t - b u t o x y c a r b o n y l t h i e t a n - 2 , 4 - d i t h i o n e (XXXV) was ob ta ined in poor 
y i e l d . 
(XXXII) 
(a) R= SOgMe 
(b) R= S02Et 
(c) R= S02NMe2 
(d) R=: CN 
DWF, 45®C 
(XXXIII) 
fl CH, 
CH^-C-0-C-CH-
3 , 3 
(XXXIV) 
CS^, t-C^H^^ONa 
DMF, 45*^0 
S 
II 
A CH, 
:CH-C-0-C-CH, 
CH, 
(XXXV) 
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The above reaction appears to involve active methyl 
or methylene group. This synthesis of thietan-2,4-dithiones, 
the first example of this class of compounds, fascinated us 
and we desired to extend this reaction to some simple acetophenones 
and flavanones. We carried out the reactions of acetophenone 
(XXXVI) and flavanone (XLI), in separate experiments, with carbon 
disulphide in the presence of sodium 1,1-dimethylpropanolate in 
N, N-dimethylformamide in the hope of getting compounds (XXXIX, 
XL, XLIII, XLIV) through plausible mechanisms (Scheme-Ill). 
However, these attempts did not produce any results worthy of 
note. A change of base from sodium 1,1-dimethylpropanolate to 
potassium t-butoxide, sodium methoxide and even to sodium hydroxide 
also did not prove helpful. 
The failure of our efforts led us to presume that 
thietan-2,4-dithione formation requires methyl group of particular 
reactivity which is not, probably, suitably met in the substrates, 
XXXVI and XL I. 
44 
Ph-C-CH, t 0 
(XXXVI) 
Ph-q-CH S 
0 
(XXXIX) 
CS^y t-C^H•^ ^ONa 
DMF, 45"C 
Ph-C-CH-C 
r^ > 
fe' 
(XXXVIII) 
H S 
^ II 
Ph-C-CH-C 
^ fl^ 
(XXXVII) 
Ph-i 
(XL) 'f\ 
DMF, 45"C 
(XU) 
Scherae-III 
(XLIII) 
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REACTION OF 2-HYDROXYACETOPHENONES WITH THIONYL CHLORIDE IN THE 
PRESENCE OF CATALYTIC AMOUNT OF PYRIDINE 
Thionyl chloride is routinely used as a chlorinating agent 
72 73 for many different substrate types * . However, unexpected 
reactions, in many cases, have been reported often without further 
detailed investigations. The reactions of thionyl chloride with 
various active methylene compounds have given rise to so-called 
74 
abnormal products . The course of the reactions of thionyl 
chloride with active methylene compounds seems to be variable. Thus, 
it is difficult to predict the course of the reaction for a parti-
cular substrate. 
Reactions of carbonyl compounds with thionyl chloride can 
proceed via 0-sulphinylation or C-sulphinylation. The course of the 
reaction depends on factors such as the nature of the substrate, 
the amount and concentration of the reagent used, the order of 
addition, the solvent and the reaction temperature. 
0-Sulphinylation of carbonyl compounds by thionyl chloride 
can lead to gem-dichlorides via an addition reaction at the carbonyl 
group (Reaction-1) * and to a-monochloroketones (Reaction-2) via 
enol sulphinylation, 
C-Sulphinylation gives rise to a-chlorosulphinyl ketones 
(Reaction-3) via the Hell-Volhard-Zelinsky reaction. These products 
may then undergo further transformations,in the respective reaction 
mixtures, to give variety of products. 
^^f; 
(Cl Q 
(1) ^ C ^ 
R R 
Cl 
Gci 
p 
Cl O-S-Cl Cl Cl 
R R R R 
(2) 
0-S-Cl 
R CH. 
-SO fi 
c 
R CH2-CI 
(3 ) C 
^2 
-H^ 
+H'' y\ 
0 
CH-S-Cl 
Reactions of th ionyl ch lor ide with active-methylene 
compounds in the presence of a c a t a l y t i c amount of pyridine have 
77«-80 
a l so been s tudied . Active methylene compounds which contain 
no hydrogen atoms on the a ' -carbon give a-chlorosulphenyl ch lor ide 
when t r ea t ed with an excess of th ionyl ch lor ide in the presence of 
c a t a l y t i c amount of pyridine or t r i e t h y l amine. Thus, t reatment of 
4-ni t ro-2,6-dimethoxyphenylacet ic acid (XLV) with th ionyl chlor ide 
77 
and pyridine affords sulphenyl ch lor ide (XLVI) 
OCH, 
Hg-COOH 
OCH, 
PCH3 Cl 
soci2/Py 
> 
(XLV) (XLVI) 
4/ 
Thionyl chloride containing pyridine converts adipic 
acid (XLVII) to the thiophene derivative (LI) 78 The reaction may 
be considered basically in terms of a cyclic sulphinylation, 
73 Pummerer rearrangement and subsequent dehydrochlorination. 
/H2-CH2 
HOOC-CH2 CH2-COOH 
(XLVII) 
SOCl^/Py 
(XLIX) (LI) 
Reac t ion of acetophenone (XXXVI) wi th an excess of 
t h i o n y l c h l o r i d e in t h e p r e sence of a c a t a l y t i c amount of p y r i d i n e 
has been r e p o r t e d t o g ive a mix tu re of a - c h l o r o s u l p h e n y l c h l o r i d e 
( L I I ) and t h e t e t r a c h l o r o - t r i s u l p h i d e ( L I I I ) ^ " ' ° ° , The convers ion 
of L I I t o L I I I in hot t h i o n y l c h l o r i d e has been observed by n . m . r . 
79 
spec t ro scopy . Thioacyl c h l o r i d e (LIV) may be a p o s s i b l e i n t e r -
m e d i a t e , because su lphur d i o x i d e produced ill s i t u dur ing C-sulphenyl ' 
a t i o n i s in e q u i l i b r i u m , in t h e p re sence of excess t h i o n y l c h l o r i d e , 
81 
wi th su lphur d i c h l o r i d e , which can be i n s e r t e d between two 
molecules of t h i o a c y l c h l o r i d e (LIV) l e a d i n g t o t e t r a c h l o r o -
t r i s u l p h i d e ( L I I I ) . 
48 
Ph-C-CHg ^ Ph-C-CH-Cl + Ph-C-C-(S)3-C—C-Ph 
(XXXVI) (LII) \v / (LIII) 
o . / -^ sci^  
Ph-d-c-ci 
(LIV) 
79 80 Literature * reveals that there is controversy over 
the existence of a-oxothioacyl chloride and that very little is 
known about the chemistry of related compounds with adjacent C=0 
and C=S groups. There are only a few a-oxothionic esters 
74 described but the cyclic a-oxothionic esters have hitherto not 
been described. Synthetic potential of a-chlorosulphenyl chlorides 
and tetrachlorotrisulphides have extensively been explored. However, 
because of the limited synthetic approach to thioacyl chlorides, 
their synthetic applications have not appeared in the literature. 
We have investigated the reaction of some 2-hydroxy-
acetophenones with excess thionyl chloride in the presence of a 
catalytic amount of pyridine in an attempt to synthesise cyclic 
a-oxothionic esters (LV) and to subject them to photochemical and 
thermal decomposition studies with the aim to further the available 
informations on the reaction intermediates such as LVI, LVII and 
LVIII and also to explore the synthetic potential of the decomposi-
tion reaction. 
4J 
(LV) (LVI) 
R« H, OCH3 
(LVII) 
^^^rl^^^^ 
(LVIII) 
The reaction of 2-hydroxyacetophenone (LIX) with thionyl 
chloride in the presence of catalytic amount of pyridine was 
performed in the following manner, A mixture of 2-hydroxyaceto-
phenone, thionyl chloride and pyridine was stirred at room tempera-
ture for three hours. Excess thionyl chloride was then removed at 
room temperature under reduced pressure to give a red gummy mass 
which was chromatographed over a silica gel column. Elution of the 
column with a mixture of petrol:ben2ene (1:1) afforded a light pink 
coloured solid which was crystallised from chloroform-petrol mixture 
as white solid and characterised by spectral methods as the thiirane 
(LX). Further elution of the column with benzene yielded a complex 
mixture which could not be resolved even on repeated column 
chromatography. 
iLIX) 
soci2/Py 
(LX) 
CHARACTERISATION OF THIIRANE (LX) 
The compound m e l t i n g a t 160-2 C ana lysed for Cj^^HgCl204S, 
I t gave p o s i t i v e B e i l s t e i n t e s t i n d i c a t i n g t h e p re sence of ha logen . 
The i n f r a - r e d spectrum showed ca rbonyl (5-membered c y c l i c ) and C-Cl 
bands a t 1725 and 690 cm" , r e s p e c t i v e l y . The u . v . spectrum 
d i s p l a y e d bands a t 240 and 290 nm. The mass spectrum ( F i g , - 1 6 ) did 
not e x h i b i t t h e mo lecu la r ion peak expected a t m/z 364, However, t h e 
peak wi th t h e h i g h e s t mass t o charge r a t i o was seen a t m/z 332 along-
wi th two i s o t o p i c peaks a t m/z 334 and 336, The r e l a t i v e i n t e n s i t i e s 
of t h e s e peaks were in t h e r a t i o of 3 : 2 : 1 which sugges ted the 
p re sence of two c h l o r i n e atoms in t h i s ion . The format ion of f r a g -
ment a t m/z 332 can be e x p l a i n e d by t h e d e s u l p h u r i s a t i o n of mole-
c u l a r ion . The p re sence of the c h l o r i n e atoms in t h e aromat ic r i n g s 
was suppor ted by t h e peaks a t m/z 138 and 110. N.m.r . spectrum 
(F ig . -17) e x h i b i t e d no s i g n a l o t h e r than t h e s i g n a l s fo r t h e aromatic 
p r o t o n s which appeared as a m u l t i p l e t in t h e r eg ion d 7 . 0 - 8 , 0 
suppo r t i ng t h e 1 , 2 , 3 - t r i s u b s t i t u t e d n a t u r e of t h e two aromat ic r ing 
I t can be s a id on t h e b a s i s of above da ta t h a t compound i s e i t h e r a 
1 , 3 - o x a t h i o l e (LXI) or a t h i i r a n e (LX). 
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The C=C and enol e ther bands, c h a r a c t e r i s t i c bands in the 
82 inf ra- red spectrum of 1 ,3-oxathiole de r iva t ives , were however 
absent . The compound was, t h e r e f o r e , cha rac te r i sed as t h i i r a n e (LX). 
The s t ruc tu re was fur ther supported by the mass spectrum (Chart-IV). 
The base peak was at m/z 166 with an isotopic peak at m/z 168 (33j<). 
Another s t r u c t u r a l l y diagnost ic fragment was at m/z 198 accompanied 
by an isotopic peak at m/z 200. The peaks a t m/z 103, 91 and 75 
were a lso p resen t . 
Though the mechanism of the formation of t h i i r a n e (LX) is 
74 
not fu l ly c l e a r , a p laus ib le mechanism can be out l ined as in 
Scheme-IV. 0-Sulphinylat ion of the hydroxy as well as carbonyl 
groups followed by CI migration and loss of sulphur monoxide wi l l 
give compound (LXIII) which w i l l subsequently l o s s HCl to give 
benzofuran de r iva t i ve (LXIV). C-Sulphinylation of compound (LXIV) 
and subsequent loss of HCl wi l l give sulphine (LXVI). Dimerisation 
of the sulphine (LXVI) accompanied by the loss of SO^ wi l l give 
t h i i r a n e (LX). 
5 'i 
> m/z 297 
m/z 92 
M"*"*, ra/z 364 
m/z 110 
m/z 75 
m/z 138 
-CI 
m/z 103 
m/z 163 
Chart-IV 
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Scheme-IV 
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The reaction of 2-hydroxy-4-methoxyacetophenone (LXVIII) 
with thionyl chloride in the presence of catalytic amount of 
pyridine was carried out in the previously described manner. Thus, 
a mixture of 2-hydroxy-4-methoxyacetophenone, thionyl chloride and 
pyridine was stirred at room temperature for three hours. Excess 
thionyl chloride was removed under reduced pressure at room tempera-
ture to give a sulphur smelling red tarry mass. T.l.c, examination 
revealed it to be a complex mixture. The crude mass was subjected 
to column chromatography. Elution of the column with petrol:benzene 
(4:1) afforded a dimeric product (LXIX). Further elution of the 
column with more polar solvents such as benzene, benzene-ethyl 
acetate mixture and ethyl acetate yielded a complex mixture which 
could not be separated on repeated column chromatography. 
"3 SOCl^Py 
(LXVIII) 
5/ 
CHARACTERISATION OF LXIX 
The product melting at 129-30°C analysed for C^gH,iCl^OcSp. 
It gave positive Beilstein test suggesting the presence of halogen. 
Molecular ion peak expected at m/z 476 was not observed in the mass 
spectrum (Fig.-18), The peak with the highest mass to charge ratio 
was seen at m/z 441 alongwith two isotopic peaks at m/z 443 and 445. 
The presence of two chlorine atoms in the ion at m/z 441 was evident 
from the relative intensities of the isotopic peaks. The fragment 
at m/z 441 may be formed by the loss of a chlorine atom from the 
molecular ion. Infra-red spectrum confirmed the absence of hydroxyl 
and carbonyl groups. It showed C=C, enol ether and C-Cl bands at 
1610, 1230 and 690 cm" , respectively. N.m.r. spectrum (Fig.-19) 
displayed two ortho coupled doublets at d 7,44 and 7.80 (J=9 Hz) 
which were assigned to the protons on the C-6 and C-6*, respectively, 
A multiplet centred at d 6.90 for three protons was attributed to 
the remaining aromatic protons on the rings A and B. A singlet at 
d 3.80 for six protons was assigned to two methoxy groups. The 
structure was further elucidated with the help of mass spectometry 
(Chart-V). The base peak was at m/z 213 accompanied by an isotopic 
peak at m/z 215 (42.15^) indicating the presence of one chlorine 
atom in the ion. The ions at m/z 228 and 196 supported the presence 
of chlorine in ring B. The compound can be assigned any of the 
structures, LXIX or LXX. 
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The loss of sulphur monoxide can not be accounted from LXX. 
The compound was, therefore, characterised as LXIX. The formation of 
ion at m/z 393 can be explained by the loss of a CI and sulphur 
monoxide from the molecular ion. Subsequent loss of chlorine from 
this ion gave ions at m/z 358 and 323. 
The mechanism for the formation of LXIX is also not fully 
understood. However, a plausible mechanism, in the light of avail-
able literature, can be written as in Scheme-V. The foimation of 
LXIX can be explained in terms of either the coupling of a-oxothio-
nic esters, (LXXIII) and (LXXVI), followed by conversion of carbonyl 
group into dichloride (Route-1) or by the conversion of >C=0 group 
to >CCl2 in a-oxothionic ester (LXXV) followed by coupling with the 
a-oxothionic ester (LXXIII) (Route-2). 
As is evident from the mechanisms outlined in Schemes-IV 
and V, the behaviour of two acetophenones towards SC)Cl2 in the 
presence of catalytic amount of pyridine is quite different. While 
the i n i t i a l s tep in the case of 2-hydroxyacetophenone (LIX) i s 
0 -su lphinyla t ion of both the phenolic as well as carbonyl groups, 
C-sulphinylat ion i s favoured in the case of 2-hydroxy-4-methoxy-
acetophenone (LXVIII). 
6,i 
3 ^V^> ^ ^ - % ^ CI 
(LXVIII) (LXXI) 
CH3O. )H 
CI 
CH, 
Pummerer 
rearrangement 
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.CH-S-Cl 
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Pummerer 
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Scheme-V 
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REACTION OF 2'-HYDR0XYDIBENZ0YLMETHANES WITH DIMETHYL SULPHOXIDE-
ACETIC ANHYDRIDE REAGENT SYSTEM 
Dimethyl sulphoxide (DMSO) possesses unique capabilities 
and is one of the most studied solvents and reagents in organic 
synthesis. Its chemistry constitutes a topic of continuing interest 
to organic chemists, offering a rich and fruitful area of study and 
synthetic applications. The reactivity of DMSO like that of other 
sulphur compounds derives principally from the presence of vacant 
3 'd' orbital on the sulphur atom and it undergoes reactions in 
which nucleophilic attack occurs on the sulphur atom. The lone pair 
of electrons on sulphur, however, cannot be expected to favour the 
approach of a nucleophile, in spite of the presence of a partial 
positive charge and vacant 'd' orbitals on the sulphur. Therefore, 
it is not surprising that most reactions in which nucelophilic 
attack takes place readily on sulphur are aided by prior electro-
philic attack on the oxygen atom to give LXXVII. A nucleophile can 
now perform a facile displacement on sulphur with the departure of 
leaving group as shown in Scheme-VI. The formation of the 
sulphonium species (LXXVIII) is usually followed by further 
reactions. 
^"3v -f -
CH-3 
E + Nu 
CH3'^ 
Scheme-VI (LXXVIII) 
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Activated DMSO reagents have been widely explored for the 
83—85 86-»88 
preparation of sulphilimines and sulphoximines , and in the 
oxidation of a wide variety of structurally diverse alcohols to 
89—91 
carbonyl compounds . Various electrophilic reagents that have 
been used to activate dimethyl sulphoxide include trifluoroacetic 
89 92 92 
anhydride , thionyl chloride , oxalyl chloride , dicyclohexyl-
93 94 
carbodiimide , phosphorus pentoxide and sulphur trioxide-
95 pyridine etc. The use of acetic anhydride as an activator was 
96 first made by Albright and Goldmann who achieved oxidation of 
hindered alcohols with DMSO/AC2O. Most such oxidations were 
confined to comparatively simple alcohols but in a novel variation, 
97 Wikholm and Moore applied the reaction to 2,5-dihydroxy-3,6-
diphenyl-l,4-benzoquinone (LXXIX) and realised in this way a neat 
biogenetic type synthesis of pulvic acid lactone (LXXXII). As may 
be seen from the adduced mechanism (Scheme-VII), the rearrangement 
leading to the lactone is initiated by decomposition of the 
sulphonium salt with the involvement of the enolic double bond. 
6b 
(LXXIX) 
-CH 
Ph ^^'. 
(LXXX) 
^ 0 
AcO 
AcO 
(LXXXII) (LXXXI) 
Scheme-VII 
Oxidation of alcohol is not the only use to which DMSO/ 
AC2O reagent has been put. The methyl thiomethyl ethers, formation 
of which was initially regarded as a nuisance, have become impor-
tant as protecting groups for alcohols during reactions where 
Qg 
dehydration is feared . The reagent has also been employed for 
the preparation of thiomethyl derivatives (LXXXIII) and (LXXXIV)^^ 
of phenols and its reaction with p-dicarbonyl compounds, which 
lead to the stable ylides (LXXXV), has been investigated"^^. 
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(9Ho)2 
S-OAc 
-OAc 
2-^-^"3 (LXXXIII) 
(LXXXIV) 
^""ih > 
CH2=S-CH3 
^ 3 
,S-CH, 
(LXXXV) 
R H CL3 
Real is ing the p o t e n t i a l , Zaman e_t a l . ca r r ied out 
de ta i l ed study on the reac t ion of 4-hydroxycoumarin and i t s 
3 - subs t i tu t ed de r iva t ives with DMSO/Ac^O. Dimethyl sulphoxide and 
ace t ic anhydride converted 4-hydroxycoumarin (LXXXVI) into ace ta te 
(LXXXVII) a t room temperature but a t 120 C t h i s was fur ther t r a n s -
formed into the y l ide 3-dimethylsulphoniochroman-2,4-dionate 
(LXXXVIII). At 160°C the r eac t ion afforded dicoumarol (LXXXIX) and 
other products derived from t h i s by fur ther r e a c t i o n . 
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07 
OH 
(LXXXVI) 
(LXXXVIII) 
L i t e r a t u r e does not record any fur ther instance of t h i s 
type of oxidation reac t ions and i t appeared the re fore of i n t e r e s t 
to explore more fu l ly the scope of t h i s r e ac t i on . The DMSO/Ac^ O 
oxidation of 2-hydroxydibenzoylmethanes was taken up to check if 
d imer i sa t ions , according to the mechanisms out l ined in Scheme-VIII, 
could be r e a l i s e d through t h i s r eac t ion . 
BJ 
="3-!j=«3 "J 
Q Ph Ph ^^ .6 
[3,3^-Biflavone 
OAc 
CH3-i-CH3+ OAc 
OAc 
3 r^^"2 
+ 
CH3-S=CH2 
f^^ P S P « 
T K C H 2 ^ C H 3 H 
iH 0' CH2iS-CH3 
OH 0 0 OH 
P^/0 
Scheme-VIII 
/O 
The reaction of 2'-hydroxydibenzoylmethane with dimethyl 
sulphoxide and acetic anhydride was conducted in the following 
manner. 2'-Hydroxydibenzoylmethane (XC) was dissolved in dimethyl 
sulphoxide and acetic anhydride was added. The reaction mixture 
was heated at 160°C for 4 hours. The usual work up of the reaction 
and chromatographic purification afforded 3-benzoyl-2-methylbenzo-4-
pyrone (XCI) in 33;4 yield. 
r^;^"v^ 
(XC) 
„^  DMSO/ACoO 
Pn ^ 
160°C, 4 hrs 
0\^3 
CHARACTERISATION OF 3-»BENZ0YL-2~METHYLBENZ0-4-PYR0NE (XCI) 
The compound melting at 117-8 C gave negative ale. FeCl-
test indicating the absence of phenolic group. The absence of 
hydroxy group was further confirmed by its i.r, spectrum. Mass 
spectrum (Fig.-20) exhibited the molecular ion peak as the base 
peak at m/z 264. The i.r, spectrum displayed bands at 1670 and 
1650 cm" indicative of the presence of two carbonyl groups, N.m.r, 
spectrum (Fig.-21) of this compound showed a singlet for 3 protons 
at d 2,40 and a multiplet, integrating for nine protons, in the 
region d 7,4-8,15. Two possible structures can be written, keeping 
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in view the mechanistic cons ide ra t ions , on the bas is of i t s i . r . 
and n.m.r . spectra in conjunction with the molecular ion peak at 
m/z 264. Two poss ib le s t r uc tu r e s are 3-acetylf lavone (XCII) and 
3-benzoyl-2-raethylbenzo-4-pyrone (XCI). The s t r u c t u r e was fur ther 
e luc idated with the help of u . v . and mass spec t r a . 
(XCII) 
The compound exhibited in its u.v, spectrum a strong band 
for benzoyl moiety at 250 nm and a weak band at 292 nm. The most 
diagnostic peak in the mass spectrum of this compound (Chart-VI) was 
at m/z 187 due to the ion resulting from molecular ion by the loss 
of phenyl ring. The peak at m/z 121 may be attributed to the 
fragment resulting from the retro-Diels-Alder (RDA) fission. Other 
RDA fragment at m/z 144 was not present but two ions, probably 
derived from this fragment, at m/z 77 and 67 were prominent. Few 
other prominent peaks in the spectrum were at m/z 159, (MHPhCO) ; 
236, (M-CO)"*"'; 235, (M~CHO)"^ and 105, PhCO. 
The ion derived from molecular ion by the loss of ring B 
is not observed in the mass spectrum of flavones. Furthermore, the 
74 
m/z 93 
4r -CO 
m/z 92 ^ -CO 
m/z 159 ^ -PhCO 
m/z 131 
.^ V^" 
z 121 
CH^-C^C-C + Ph 
m/z 67 m/z 77 
CH3-C=C-C-Ph 
m/z 120 
' ^ ^ 
O CH 3 
Ph 
-t-
Ph-C^O 
m/z 105 
M**, m/z 264 
M"^" ,^ m/z 132 
m/z 236 
m/z 235 
m/z 187 
Chart-VI 
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band at longer wave length in generally strong in the u.v. spectra 
43 
of flavones • The compound was, thus, characterised as 3-benzoyl-
2-methylbenzo-4-pyrone (XCI). 
Similarly, when the reaction of 2',4•-dihydroxydibenzoyl-
methane (XCIII) was performed with dimethyl sulphoxide and acetic 
anhydride under identical conditions for 4 hours, the reaction on 
usual work up and column chromatography over silica gel afforded 
3-benzoyl-7-hydroxy-2-methylbenzo-4-pyrone (XCIV) in 25'/. yield. 
HO. 
DMSO/Ac«0 Y 
,..o. • > k 160°C, 4 hrs 
CHARACTERISATION OF 3-BENZQYL-7-HYDROXY-2~METHYLBENZOM~PYR0NE (XCIV) 
The compound melting at 230-2°C gave positive ale. FeCl^ 
test. The mass spectrum (Fig,-22) exhibited molecular ion peak at 
m/z 280. The presence of phenolic group was further substantiated 
by its i.r. spectrum, I.r, spectrum exhibited bands at 3400 (OH), 
1670 and 1660 cm" (C=0), The u.v. spectrum displayed a strong 
band at 252 nm and a weak band at 291 nm. N.m.r. spectrum (Fig.-23) 
of this compound showed a singlet at d 2.40 for three protons 
ascribable to C-2 methyl group. Aromatic region of the spectrum 
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displayed a multiplet for three protons in the region d 6.70-7.00 
assignable to C-6,8 and C-7 hydroxyl protons. Two more multiplets, 
each for 3 protons, were seen in the region d 7.32-7.55 and d 7.70-
8.00. These signals were attributed to the remaining 6 aromatic 
protons. Mass spectrum of this compound (Chart-VII) exhibited base 
peak at m/z 43. Two peaks resulting from the molecular ion by the 
loss of carbon monoxide and CHO, were present at m/z 252 and 251, 
respectively. The most diagnostic peak in the spectrum v;as at 
m/z 203 due to the ion derived from the M"*"* by the loss of phenyl 
ring, RDA fragments were seen at m/z 136 and 137. Other peaks in 
the mass spectrum were at m/z 147, [M-(Ph+2C0) J"*"*; 175, [M-PhCO]"^; 
109, 108, 77 and 67. The compound was thus characterised as 
3-ben2oyl-7-hydroxy-2-methylbenzo-4-pyrone (XCIV). 
The formation of 3-benzoyl-2-methylbenzo-4-pyrones by the 
reaction of 2-hydroxydiben2oylmethanes with dimethyl sulphoxide and 
acetic anhydride can be explained in terms of conversion of 
2-hydroxydibenzoylmethanes to enol acetates (XCV) followed by Fries 
rearrangement to give triketones (XCVI). The attack of 2-hydroxy 
group on the acetyl carbonyl group would have then resulted in the 
formation of 2-hydroxybenzo-4-pyranone derivatives (XCVII) followed 
by dehydration to give 3-benzoyl-2-methylbenzo-4-pyrone derivatives 
(Scheme-IX). 
7J 
m/z 265 
m/z 251 « 
M"*"; m/z 280 
H0< 
PhC^O 
m/z 105 
m/z 129 
-CH. 
m/z 252 0 
i m/z 108 
-CO/m/z 136 0 
-CH. 
V 
f 
m/z 77 
Char t -VII 
S 0 
(XC) R= H 
(XCIII) R= OH 
R\^-^>x/0 
OH 
DMSO/ACgO 
> 
CH, 
0 0 
(xcvii) V H ^ O 
(xcv) 
i Fries rearrangement 
(XCI) R = H 
(XCIV) R = OH 
Scheme-IX 
The reaction of 2'-hydroxydibenzoylniethanes with dimethyl 
sulphoxide and acetic anhydride did not yield any of the expected 
products (Scheme-VIII). Furthermore, no thiomethylated product 
could be isolated. The absence of these products in this reaction 
(5 X 
points to the existence of a particularly favourable mechanism, 
perhaps the one in Scheme-IX. It can be said that the species 
+ 
(XCIX), probably, did not form. It can be envisaged that CH2=S-CH3 
species either was not present or the enol acetates (XCV) could not 
trap it to give (XCIX) as shown in Scheme-X, On the other hand, 
the Fries rearrangement was favoured. 
(XCV) 
R= H, OH 
"a^^fP 
<i^JP 
\ ^ 
^C^2 
\ 
? 
+ 
= S-CH^ 
S-^^^^^v^^ CH2-S-CH3 
(XCVIII) 
(XCIX) 
Scheme-X 
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REACTION OF 2'-HYDR0XYCHALC0NES WITH IODINE MONOCHLORIDE UNDER BASIC 
CONDITION 
The development of synthetic chemistry of biflavonoids, 
apart from flavonoids, requires additional impetus. To substantiate 
the structure, the synthesis of biflavonoids has attracted as much 
attention as the associated work of their isolation and structure 
elucidation. The efforts, however, remain restricted mainly to the 
synthesis of members of a few biflavone families, where Ullmann 
102—104 
reaction comprises the major route . The reported synthetic 
approaches to biflavones employ the Ullmann coupling reaction in two 
ways. The one involves Ullmann coupling of the two iodinated flavone 
102 
nuclei , whereas the other is based on the synthesis of suitably 
substituted biphenyls by Ullmann reaction followed by their hetero-
annulation to biflavones * , The synthesis of biflavonoids with 
reduced heterocyclic rings seems to be intricate by virtue of their 
stereochemical complexities. One of the main objectives of the 
present studies was to develop synthetic strategies to assist in the 
synthesis and absolute stereochemistry of reduced biflavonoids by 
the Ullmann type coupling of preannulated iodophenyl derivatives 
i.e. iodinated chalcones, which have hitherto not been employed in 
the synthesis of biflavonoids. Synthetic approach along this line 
may possibly provide a stereocontrolled route to the reduced 
biflavonoids. Hence, at the intermediate strategic level our 
initial studies were directed towards search for methodologies for 
selective and high yield syntheses of iodo-chalcones. 
S3 
Aromatic ring iodinated derivatives are generally 
preferred for the better yields of the coupled products. Inter-
action of chalcones with various halogens and interhalogens has been 
reported, and although the preparation and properties of chalcone 
59c dihalides are well documented , only sporadic reports are avail-
105 
able in the literature on the aromatic halogenation of chalcones 
1 oft 
Moreover, the only reported method to bring about nuclear iodin-
ation of chalcone exploits iodine in the presence of an oxidising 
agent, iodic acid, and is not of general applicability. In the 
event of lack of a general, selective and convenient method for the 
synthesis of ring iodinated chalcones, we made a systematic attempt 
to develop convenient and high yielding methodology for the 
synthesis of iodochalcones and at subsequent instance to couple them 
en route to bichalcones. We have studied the reaction of various 
2'-hydroxychalcones, having oxygenation patteirn most abundant in 
natural flavonoids, with iodine monochloride under basic conditions. 
Our choice of iodine monochloride was prompted by the fact 
that iodine monochloride is known to be a better iodinating agent 
then iodine ^ where an oxidising agent has to be present to 
oxidise iodine to a better electrophile. Although, the reaction of 
chalcones with iodine monochloride in acidic as well as neutral 
medium have extensively been studied, the behaviour of iodine mono-
chloride towards chalcones in strong alkaline medium has, however, 
not been explored. 
8-^ 
In t e rac t ion of iodine monochloride with chalcones in 
ac id ic or neu t r a l medium r e s u l t s , genera l ly , in the formation of 
108 a ,p -add i t ion products . 3-Iodoflavanones have a lso been reported 
109 to be formed . The p o s s i b i l i t y of r ing iodina t ion of chalcones 
105 
with iodine monochloride was indicated in Weber's s tud ies , but 
the method seems l imi ted as appl icable only to chalcones possessing 
phloroglucinol derived r ing A. Moreover, the p o s s i b i l i t y of the 
cyc l i sa t ion of chalcones to the corresponding 8-iodoflavanones also 
l i m i t s product s e l e c t i v i t y . 
As a model s u b s t r a t e , the reac t ion of 2 ' - h y d r o x y - 4 , 4 ' , 6 ' -
trimethoxychalcone with iodine monochloride was conducted in the 
following manner. To a mixture of 2 ' -hydroxy~4,4 ' ,6 ' - t r imethoxy~ 
chalcone in alcohol and sodium hydroxide in water , iodine mono-
chlor ide was added dropwise a t room temperature with s t i r r i n g . After 
continued s t i r r i n g for addi t iona l 15 minutes a t room temperature, 
the reac t ion was worked up to give 2 ' - h y d r o x y ~ 3 ' - i o d o - 4 , 4 ' , 6 ' - t r i -
methoxychalcone" (CI) in 93j< y i e l d . 
^"aV^^^^ OCH, 
ICl /Ag. NaOH ^ 
r T t T ' CH 
(C) 
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CHARACTERISATION OF 2*-HYDR0XY-3'-I0D0~4,4S6*-TRIMETH0XYCHALC0NE (CI^ 
The compound m e l t i n g a t 178*^C gave p o s i t i v e B e i l s t e i n and 
a l c o h o l i c FeCl^ t e s t s . The p r e sence of hydroxy group was f u r t h e r 
confirmed by i t s i . r . spectrum. The i . r . spectrum d i s p l a y e d OH 
s t r e t c h i n g band a t 3400 cm" and carbonyl s t r e t c h i n g band a t 1620 
cm" . P r e l i m i n a r y t e s t s and t h e i n f r a - r e d s p e c t r o s c o p y , a l t h o u g h , 
p rovided v a l u a b l e in fo rmat ions fo r t h e s t r u c t u r e e l u c i d a t i o n of t h e 
compound, t h e exac t s t r u c t u r e was e l u c i d a t e d on t h e b a s i s of mass 
and n . m . r . s p e c t r o s c o p y . The m o l e c u l a r ion peak a t m/z 440, in t h e 
mass spectrum of t h e compound ( C h a r t - V I I I ) , confirmed t h e p re sence 
of iod ine in t h e molecu le . The fragments a t m/z 439 (M-H) and a t 
333 (M-B r i n g ) , c h a r a c t e r i s t i c ions in the mass spectrum of a 
2» -hydroxycha lcones , confirmed t h e absence of i o d i n e in t h e r i n g B. 
The most d i a g n o s t i c fragments which confirmed t h e p resence of iod ine 
in the r i n g A were r e t r o - D i e l s - A l d e r fragments a t m/z 306 and 134. 
Another fragment a t m/z 307 which p robab ly r e s u l t e d by t h e f i s s i o n 
of -C-C bond, a l s o confirmed t h e p resence of i o d i n e in r i n g A. The 
ion a t m/z 161 i s formed by t h e f i s s i o n on o t h e r s i d e of carbonyl 
group. An i n t e n s e peak a t m/z 121 i s due t o t h e c h a r a c t e r i s t i c 
benzyl c a t i o n . I t i s obv ious , from t h e C h a r t - V I I I , t h a t t h e ions 
a r e de r ived both from t h e cha lcone and i t s co r r e spond ing f l avanone . 
These o b s e r v a t i o n s a r e i n d i c a t i v e of the cha l cone - f l avanone i somer-
i s a t i o n e i t h e r t h e r m a l l y or on e l e c t r o n impact . The p o s i t i o n of the 
i o d i n e in t h e molecu le was l o c a t e d with t h e h e l p of n . m . r . s p e c t r o -
86 
scopy. N.m.r. spectrum displayed a singlet at d 7.82 integrating 
for two protons ascribable to the C-a and C-p protons. Three 
singlets at d 3.88, 3.90 and 4.00, each integrating for three 
protons, were due to the three methoxyl protons. Aromatic region 
of the spectrum exhibited a pair of doublet at d 6.96 and 7.58 
(J=9 Hz), each for two protons and showing ^2^2 pattern, which was 
assigned to the C-3,5 and C-2,6 protons, respectively. A singlet 
at d 6.10 integrating for one proton was assigned to the C-5' 
proton. A downfield singlet for one proton at d 13.20 was ascribed 
to 2'-0H group. The compound was, thus, characterised as 2'-hydroxy-
3*-iodo-4,4',6*-trimethoxychalcone (CI). The structure was further 
substantiated by comparison with an authentic sample of CI (co-t.l.c, 
m.m.p. and n.m.r.) prepared by Chen's procedure 106 
The pos i t ion of iodine in the molecule was fur ther 
confirmed by the oxidat ive c y c l i s a t i o n of compound (CI) to 8-iodo-
5,7 ,4 ' - t r imethoxyf lavone (CII) with selenium dioxide in dioxane. 
(CI) (CII) 
8 7 
OCH, 
.3. I'. Id 
Ot m/z 161 
m/z 307 I 
m/z 180 m/z 133 
m/z 306 
1-
m/z 179 
Chart-VIII 
ss 
In the light of the available literature on the mechanism 
of electrophilic substitution, it can be speculated that under strong 
basic conditions the presence of the 2'-hydroxy group in the ring A, 
probably by the formation of phenoxide ion, facilitates electrophilic 
substitution. This gives a selective nuclear iodination product (CI) 
in competition with the electrophilic addition product (CIII). The 
high regio-selectivity of the reaction may be attributed to the 
steric factors. Two methoxy groups on either side of the carbon-5', 
probably, hinder the attack of iodonium ion at the 5'-position, and 
the iodonium ion goes to, comparatively less hindered, carbon-3' of 
the ring A. The mechanism of the reaction is outlined in Scheme-XI. 
""'"^ I^r^  rCr"^^ ™'°Y^°' """' 
0CH3 0 
(CI) 
Scheme-XI 
8J 
The above method of nuclear iodinat ion was also found to 
work e f f ec t ive ly in the case of chalcones whose r ing A derives from 
r e s o r c i n o l . Thus, the reac t ion of iodine monochloride with alcohol ic 
solut ion of 2 '-hydroxy-4,4 '-dimethoxychalcone (CIV) in a lka l ine 
medium resu l t ed in the formation of 2'~hydroxy-5'-iodo-4,4'-dimethoxy* 
chalcone (CV). 
CH3O 
ICl/Aa. NaOH xx;^^ 
(CIV) 
OCH, 
(CV) 
CHARACTERISATION OF 2'"HYDR0XY-'5'-I0D0~4.4'-DIMETH0XYCHALC0NE (CV) 
The compound melting at 182-4°C exhibited, in its mass 
spectrum (Fig.-24), M * peak at m/z 410 showing the presence of 
iodine in the molecule. The presence of halogen was also indicated 
by the positive Beilstein test. The compound exhibited, in the 
infra-red spectrum, the bands at 3430 cm (OH) and 1625 cm" (C=0) 
The structure of the compound was easily elucidated with the help o 
n.m.r. spectroscopy and mass spectrometry. The fragmentation 
pattern of the compound (Chart-IX) clearly showed the presence of 
iodine in the ring A. The most diagnostic peaks in the spectrum 
were at m/z 277 and 276, derived from molecular ion by either the 
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retro-Diels-Alder fission or fission of C-C bond. These fragments 
suggested the presence of iodine in ring A. The ring B fragments 
were seen at m/z 135, 133 and 121. The loss of ring B from molecule 
ion afforded an ion at m/z 303. The position of the iodine was 
located with the help of n.m.r. spectrum. Two singlets at d 6,47 an 
8,27 in the aromatic region of n.m.r. spectrum (Fig.-25) were 
assigned to two uncoupled aromatic ring A protons in the positions 
3' and 6', respectively. The presence of iodine in the 3' position 
should have given two ortho-coupled doublets. Two singlets at d 3.9( 
and 3,95, each integrating for three protons, were ascribable to 
methoxyl protons on the C-4 and C-4', respectively. Ring B protons 
were seen as two doublets at d 6,95 and 7,65 (J=9 Hz), each for two 
protons, assignable to C-3,5 and 2,6 protons, respectively. A pair 
of doublets at d 7.37 and 7.94 (J=17 Hz), each integrating for one 
proton, was due to the C and C^ protons, respectively. The signal 
ct p 
for hydroxy group was observed at d 13.30 as a singlet for one 
proton. The compound was thus characterised as 2'-hydroxy-5'-iodo-
4,4'-dimethoxychalcone (CV). In order to demonstrate the generality 
of the reaction, 2'-hydroxy-3 ,4 ,4-trimethoxychalcone (CVI) was 
subjected to the above reaction under similar conditions. The 
reaction was worked up after 15 minutes to afford 2'-hydroxy-5'-iodo-
3,4,4'-trimethoxychalcone (CVII) in 94^ yield. 
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CHARACTERISATION OF 2'-HYDROXY-5'-I0D0~3,4,4'-TRIMETHOXYCHALCONE 
(CVII) 
The compound melting at 197-8^0 showed in its mass 
spectrum, M"^ * peak at m/z 440. It gave positive Beilstein and 
ale. FeClg tests. The i.r. spectrum displayed bands at 3430 and 
1620 cm" for OH and C=0 stretching frequencies, respectively. The 
structure of this compound was elucidated with the help of its 
n.m.r. and mass spectra. The mass spectrum (Fig.-26) showed mole-
cular ion peak at m/z 440 accompanied by an (M+H)"^ ion. An ion at 
m/z 303, [M-B ring]"^, revealed the absence of iodine in ring B. 
RDA fragments at m/z 276 and 164 confirmed the presence of iodine 
in the ring A (Chart-X). 
N.m.r. spectrum (Fig,-27) exhibited three singlets at 
d 3.80, 3.88 and 3.90, each for three protons, assignable to the 
three methoxy groups. Aromatic region of the spectrum showed a 
shielded singlet for one proton at d 6.45 ascribed to the C-3' 
proton. Another singlet for one proton at d 8,26 was due the C-6' 
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proton. Ring B protons were seen a s , a doublet at d 6.80 (J=9 Hz) 
for C-5 proton and a mul t ip le t centred at d 7 .16 , for two protons , 
assignable to C-2,6 protons. A pa i r of doublet a t d 7.30 and 7.80 
(J=17 Hz), each in tegra t ing for one proton, was due to the C and 
Cg protons , r e spec t ive ly . A one proton s ing le t at d 13.28 was 
a t t r i b u t e d to the phenolic proton. The compound was thus , 
charac ter i sed as 2 ' -hydroxy-5 ' - iodo-3 ,4 ,4 ' - t r imethoxychalcone (CVII) 
The mechanisms of the formation of 5 ' - iodochalcones (CV, CVII) are 
probably s imi la r to t h a t out l ined in Scheme-XI. However, in these 
cases , e l e c t r o p h i l i c subs t i t u t i on occurred at C-5' as i t i s 
s t e r i c a l l y l e s s hindered compared to C - 3 ' . 
Subsequently, we intended to u t i l i s e iodochalcones in 
coupling reac t ion for the synthes is of b ichalcones . The des i re was 
two fold: the coupling of iodo-der iva t ives through an Ullmann type 
reac t ion and/or coupling through phenolic ox ida t ion . I t should be 
mentioned that the aromatic r ings of phenols are very suscept ib le 
to oxidation by one-electron oxidants and indeed several one 
e lec t ron oxidants have been used in the oxidat ive coupling of 
hydroxyflavones. The conventional Ullmann coupling react ion of 
aromatic h a l i d e s , which u t i l i s e s Cu-bronze, i s genera l ly associated 
with low y ie ld of the coupling product and moreover, the react ion 
has l im i t in i t s use with iodophenols . We there fore required a 
mild and more e f fec t ive coupling reagent which could possibly 
en te r t a in our motive of phenol oxidat ive coupling and we entrusted 
the domain of i n - s i t u generated organometallic reagents . 
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REACTION OF HALOCHALCONES WITH NiClg-Zn-KI REAGENT SYSTEM 
Developments in organometallic chemistry through the 
decades have come with exponential growth. Organic synthesis has 
now attained an unprecedented sophistication which is due in large 
measures to the influx of rapidly evolving organometallic methodo-
logies. New reactions based on organometallic species have not only 
expanded the capability of fundamental transforms, but also imparted 
significant latitude to the strategic levels of synthesis. Further-
more, developments in certain areas of organometallic chemistry, 
especially homogeneous catalysis, hold great promise in revolution-
ising the chemical industry. 
Organic chemistry of nickel has emerged as the most 
heralded and widely used among the transition metals in organic 
synthesis. Great potential exists for the synthetic applications 
of the inter and intramolecular couplings of aryl and alkyl halides 
in the synthesis of complex molecules when mild conditions and 
selectivity are demanded by an array of sensitive functional groups. 
Zerovalent nickel reagents offer prolific new areas of synthetic 
organic methodology. It has been shown recently that some nickel 
complexes such as bis-(cycloocta-l,5-diene) nickel , tris-
112 (triphenylphosphine) nickel and bis-(triphenylphosphine) nickel 
(II) dichloride along with excess zinc powder and triphenylphos-
113 phine can efficiently couple aryl and alkenyl halides under mild 
h>i 
conditions. However, the fact that these complexes are air sensi-
tive or are conventionally prepared by cumbersome techniques, 
involving trialkyl or dialkylalkoxyaluminum species as reducing 
agents under vacuum line or dry box conditions, has limited their 
114 
synthetic usefulness . The catalytic properties of elemental 
nickel species have been the subject of much attention for exploit-
ation in organic synthesis. In-situ generated nickel (0) species, 
in particular, have recently found potential applications in the 
115 
synthesis of biaryls . The appeal derives from the simplicity of 
reagent formation, their increased reactivity relative to traditional 
complexes and in most circumstances predictable regio- and stereo-
chemistry. Quite often, in-situ generated nickel (0) species have 
had the opportunity to demonstrate their potential only after more 
customary nickel (0) complexes failed to give satisfactory results. 
Takagi et_ a_l. have recently reported that the reduction 
of nickel (II) salts, like nickel (II) chloride or bromide, with 
zinc powder in the presence of potassium iodide and/or thiourea in 
hexamethylphosphoric triamide (HMPA) yield a dispersed metallic 
nickel species. They found that in-situ generated nickel species, 
presumably atomic nickel, was an effective catalyst for the Ullmann-
type coupling reaction of aryl iodides with zinc powder to give 
biaryls in excellent yields under mild conditions. 
2ArI + Zn ^^ ^^ ^ > Ax^ + Znl2 
11} 
117 Biaryls have also been prepared from aryl bromides , in 
high yields, applying the conditions used in the coupling of aryl 
iodides. The formation of biaryls from aryl bromides was found to 
be due to the rapid formation of aryl iodide by the Finkelstein-
118 type halogen exchange reaction of aryl bromides with potassium 
iodide catalysed by the in-situ generated nickel (0) species. In 
the reaction of aryl bromides with NiClp-Zn-KI reagent system, the 
Finkelstein-type halogen exchange and Ullmann-type coupling 
reactions compete, thus diminishing the selectivity. Detailed 
investigations on the selectivity of the reaction suggested that the 
selectivity depends on the amount of zinc powder used; a decreased 
amount of zinc powder favours the formation of aryl iodide, but it 
simultaneously reduces the conversion. A stoichiometric amount of 
zinc powder sufficed for the Ullmann-type coupling reaction, but the 
use of excess of zinc powder was desirable. 
Aryl iodides containing an electron-withdrawing substi-
tuent in the ortho position afforded large quantities of dehalo-
protonated products which probably arose from organozinc compounds, 
formed by the interaction of aryl iodides and zinc powder, which 
were fairly inert under these conditions. However, the use of 
excess of nickel (II) salt, in these cases, afforded biaryls in 
good yields presumably via the well known transfer of organo group 
from Zn (II) to Ni (II) even at ambient temperature. 
1 { } ^ 
With the precedent success , the methodology of Takagi 
e t a l . i s except ional ly v e r s a t i l e , mild, convenient and high 
yie ld ing compared with the several other methodologies for the 
Ullmann-type coupling of aryl and alkyl h a l i d e s , and hence, the 
NiCl2-Zn-KI appeared as a fasc ina t ing and promising reagent system 
to persue our i n t e r e s t s . With the use of NiCl2-Zn-KI reagent system 
we might have several f a c i l i t i e s . The dispersed me ta l l i c n i c k e l , a 
r eac t ive nickel spec ies , which i s e a s i l y produced by the reduction 
of NiClp with zinc powder in the presence of potassium iodide might 
serve as an e f fec t ive c a t a l y s t in the reac t ion of iodohydroxy-
chalcones with zinc powder to y ie ld bichalcones . Otherwise, if t h i s 
Ullmann-type coupling i s prohib i ted by some f a c t o r s , in the l i g h t of 
120 known oxidat ive and Lewis acid type ca ta lys ing p roper t i e s of 
zinc ( I I ) ch lo r i de , the poss ib le phenol oxidat ive coupling induced 
formation of bichalcones and chalcone-flavanone isomerisat ion was 
expected. The p o s s i b i l i t y of simultaneous occurrence of these 
reac t ions was a lso borne in mind. 
When the iodochalcones (C, CV, CVII) were subjected to the 
Takagi ' s r e a c t i o n , no bichalcone was obtained. In a fur ther attempt 
to achieve our t a rge t of synthesis ing bichalcones , the use of 
N,N-diinethylformamide (DMF) instead of HMPA was made, as i t has been 
121 shown to be a good solvent for the coupling r eac t i ons . The r e s u l t s 
yet did not prove successful in bichalcone s y n t h e s i s , however, cycl ic 
dehalogeno-protonated products were obtained. Apart from the 
UlS 
synthet ic s ign i f i cance , formation of these products has important 
implicat ions in the understanding of flavonoid b iogenes is . 
As a model s u b s t r a t e , 2 ' - h y d r o x y - 3 ' - i o d o - 4 , 4 ' , 6 ' - t r i -
methoxychalcone (CI) was heated at reflux temperature in N,N-di-
methylformamide in the presence of nickel c h l o r i d e , zinc powder and 
potassium iodide for 3 hours. T . l . c . examination of the reac t ion 
mixture revealed almost t o t a l conversion. The reac t ion was worked 
up to y ie ld 5-hydroxy-7,4'-dimethoxyflavanone (CVIII) in 80y. y ie ld 
and a t r a ce of 5-hydroxy-7,4'-dimethoxyflavone (CIX). 
(CI) 
NiClg-Zn-KI 
DMF 
OCH, 
"^ ^^ Y^ i^T^ n^  OCH, 
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CHARACTERISATION OF 5~HYDR0XY-7,4'-DIMETH0XYFLAVAN0NE (CVIII) 
This compound melting at 115-6 C exhibited the molecular 
ion peak, in its mass spectrum, at m/z 300. It gave positive 
122 
alcoholic FeCl-j and Shinoda tests. Infra-red spectrum showed 
bands at 3440 and 1640 cm" for hydroxyl and carbonyl stretchings^ 
respectively. The u.v. spectrum showed maxima at 225, 286 and 
320 nm indicating thereby the flavanone nature of the compound. 
The n.m.r. spectrum exhibited a complex multiplet centred 
at d 2.82 for two protons ascribed to C-3 protons. A singlet integ-
rating for six protons at d 3.70 was attributed to the C-7 and C-4' 
methoxy protons. A one proton doublet of doublet (J+_^ -,-=ll Hz, 
J . =5 Hz) resonating at d 5.25 was unmistakably due to the C-2 
proton. In the aromatic region, a shielded singlet at d 5.94 integ-
rating for two protons was assigned to C-6 and C-8 protons. The 
signals for the ring B protons appeared as a couple of doublets at 
d 6.85 and 7.28 (J=9 Hz), each for two protons and showing A2B2 
pattern. These signals were imputed to C-3,5 and C-2,6 protons, 
respectively. A singlet for one proton at d 16.00 was ascribed to 
the C-5 hydroxyl proton. The compound was, thus, characterised as 
5-hydroxy-7,4'-dimethoxyflavanone (CVIII). 
The mass spectrum showed an intense molecular ion peak at 
m/z 300 accompanied by an (M+1)"^ ion at m/z 301. The most diagnos-
tic fragments in the spectrum were observed at m/z 166 and at 
m/z 134 resulting from the retro-Diels-Alder fission of the molecule. 
The presence of the hydroxy group in the r ing A was confirmed by 
these ions. Other c h a r a c t e r i s t i c fragments in the spectrum were 
at m/z 299, (M-H)"^; 193, (M-B ring)"*" and 121, benzyl cat ion 
(Chart-XI) . 
In the event of the f a i l u r e of the Ullmann-type and phenol 
oxidat ive coupling reac t ions of 3 '- iodochalcone (CI) to furnish 
bichalcone, 3'-bromo-2'-hydroxy-4,4* ,6 ' - t r i inethoxychalcone (CXa) was 
subjected to the same reac t ion . The reac t ion on usual work up too 
yielded the same dehalogenoprotonated cycl ic products , 5-hydroxy-
7,4'-dimethoxyflavanone (CVIII) in 12'/, y ie ld and a t r ace of 
5-hydroxy-7,4'-dimethoxyflavone (CIX). I t was then reasoned tha t 
the presence of free 2'-hydroxy group in these compounds might be 
responsible for the f a i l u r e of Ullmann-type coupling reac t ion . 
However, when the react ion of 3 ' - b romo-2 ' , 4 ' , 4 ,6 ' - t e t r ame thoxy-
chalcone (CXb) was conducted with NiClp-Zn-KI reagent system in DMF 
under s imi la r cond i t ions , mainly 5-hydroxy-7,4'-dajmethoxyflavanone 
(CVIII) was obtained. I t was, t he r e fo re , envisaged tha t t h i s 
reagent system effected fas t dehalogenoprotonation at C-3' and 
2 ' -hydroxy-4 ,4 ' ,6 ' - t r imethoxychalcone (C) and 2 ' , 4 ' , 4 , 6 ' - t e t r a -
methoxychalcone (CXc), having no halogen a t C - 3 ' , when subjected to 
the above reac t ion yie lded, expectedly, the same products (CVIII) 
(major) and (CIX) (minor). 
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I t i s evident from these s tud ies t ha t under the employed 
condi t ions the react ion did not follow the expected path (Scheme-XII), 
On the other hand, the major course of act ion of NiCl2-Zn-KI on 
2'-oxygenated chalcones is to induce cyc l i s a t i on to the correspond-
ing flavanones and t o some extent oxidat ive c y c l i s a t i o n to f lavone. 
Moreover, the process i s accompanied, in r e spec t ive cases , with the 
dehaloprotonation and s l e c t i v e demethylation of C-5 methoxy group. 
I t can be, the re fo re , envisaged t h a t halochalcones could 
not t r ap the i n - s i t u generated atomic n i c k e l , but undergo fas t 
dehaloprotonation, Dehaloportonation might be effected e i t h e r with 
Ni (C)-'-^^ or ZnCl^ """^^ in the presence of DMF. The cyc l i sa t ion of 
chalcones to the corresponding flavanones may reasonably be 
explained in terms of catalysis by co-generated ZnCl2 followed by 
H)3 
demethylation of the 2' and/or 6' methoxy group/s. It is quite 
probable that zinc chloride might effect demethylation of 2' and/or 
6' methoxy group/s followed by simultaneous cyclisation. It is 
worthwhile to mention here that chalcones with free hydroxyls in 
the 2* and 6' positions cyclise themselves to the corresponding 
125 
flavanones 
•••Ni(O) 
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Flavanones, which are important in termediates for the 
synthesis of flavonoids and b i f lavonoids , are genera l ly obtained 
by ac id- or base-cata lysed r ing closure of chalcones; however, the 
reported methods are not high y ie ld ing and convenient . Also, the 
development of novel reagents which could mimic the ro le of chalcone-
flavanone isomerase is extremely important in the study of flavonoid 
b iosyn thes i s . P a r t i a l l y methylated polyhydroxyflavonoid compounds 
frequently occur in p lants and the corresponding flavanones are 
often required for comparison and t ransformat ions . The methods 
ava i lab le for p a r t i a l demethylation are l imi ted in t h e i r appl ica t ion 
to flavanones and chalcones containing phloroglucinol s t r u c t u r e . 
Hence, the high y ie ld chalcone-flavanone conversion accompanied by 
s e l ec t i ve demethylation of the 5-OCHo group seemed i n t e r e s t i ng and 
prompted us to explore fur ther synthet ic p o t e n t i a l of the r eac t ion . 
In ex ten t ion , to define the scope of the react ion two 
chalcones with resorc ino l derived r ing A were subjected to the 
above reac t ion . Thus, 2 '-hydroxy-4,4 '-dimethoxychalcone (CIV) and 
2 ' -hydroxy-3,4 ,4 ' - t r imethoxychalcone (CVII) were ref luxed, in 
separate experiments, in DMF in the presence of n ickel ch lo r ide , 
zinc powder and potassium iodide for one week. The reac t ions on 
usual work up revealed no change and s t a r t i n g ma te r i a l s were 
recovered almost q u a n t i t a t i v e l y . 
l io 
(CIV) R=H 
(CVII) RrrOCHg 
I t can be i n f e r r e d from t h e above r e s u l t s t h a t t he 
p r e s e n c e of an oxygen func t ion a t t h e 6 ' p o s i t i o n i s the b a s i c 
requ i rement for t h e c y c l i s a t i o n of cha lcones t o t h e cor responding 
f lavanones wi th NiCl2-Zn-KI in DMF. 
The format ion of a t r a c e of 5 - h y d r o x y - 7 , 4 ' - d i m e t h o x y -
f lavone (CIX), in t h e above r e a c t i o n s , f a s c i n a t e d us t o f u r t h e r 
exp lo re the p o t e n t i a l of t h i s r e a c t i o n . Thus , a mix tu re of 
2 ' - h y d r o x y - 3 ' - i o d o - 4 , 4 ' , 6 ' - t r i i n e t h o x y c h a l c o n e ( C I ) , n i c k e l c h l o r i d e , 
z inc powder and potass ium i o d i d e in t h e molar r a t i o ( 1 : 1 . 1 ; 1 ; 1 , 2 5 ) 
was hea ted a t r e f l u x t empe ra tu r e in N,N-dimethylformamide fo r one 
week. The r e a c t i o n on work up y i e l d e d 5 - h y d r o x y - 7 , 4 ' - d i m e t h o x y -
f lavone (CIX), in 12Y. y i e l d . The r e a c t i o n s of cha lcones (CXa-c, C) 
wi th NiCl2-Zn-KI r e a g e n t system were a l s o s t u d i e d under i d e n t i c a l 
c o n d i t i o n s and, in a l l t h e c a s e s , t h e only p roduc t t h a t could be 
ob ta ined was 5 -hyd roxy -7 ,4 ' - d ime thoxyf l avone (CIX). 
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CHARACTERISATION OF 5-HYDROXY"7.4'~DIMETHOXYFLAVONE (CIX) 
The compound, m , p , 1 7 0 - l ° C , gave p o s i t i v e a l c o h o l i c f e r r i c 
c h l o r i d e and Zn-HCl t e s t s i n d i c a t i n g i t t o be a hydroxyf lavone . I t s 
i n f r a - r e d spectrum d i s p l a y e d bands a t 3400 (OH) and 1620 cm" (C=0). 
The p roduc t e x h i b i t e d maxima a t 270 and 328 nm in t h e u . v . spec t rum, 
c h a r a c t e r i s t i c of 5 -hyd roxy -7 ,4 ' - d ime thoxyf l avone (CIX) 
The n . m . r . spectrum e x h i b i t e d a s i n g l e t a t d 3.85 i n t e g -
r a t i n g fo r s i x p r o t o n s a s s i g n a b l e t o t h e methoxyls a t C-4 ' and C-7. 
The p ro tons on t h e r i n g A appeared as two meta -coup led d o u b l e t s 
(J=3 Hz) , each i n t e g r a t i n g fo r one p r o t o n , a t d 6.27 and 6.36 
a s c r i b e d t o C-6 and C-8 p r o t o n s , r e s p e c t i v e l y . A sharp s i n g l e t a t 
d 6,45 i n t e g r a t i n g fo r one p ro ton was due t o C-3 p r o t o n . Two 
m 
double ts , each in tegra t ing for two protons and indica t ing the f^B^ 
p a t t e r n , at d 6.90 and 7.72 were assigned t o the r ing B protons in 
the pos i t ions 3 ' , 5 ' and 2 ' , 6 ' , r e spec t ive ly . The s ignal for the C-5 
hydroxy group proton was observed as a s i ng l e t at d 16.50. 
The mass spectrum exhibi ted the molecular ion peak as t he 
base peak at m/z 298. The fragments r e su l t i ng from the RDA f i s s ion 
of the molecular ion were observed at m/z 166 and 132. An ion at 
m/z 135 i s c h a r a c t e r i s t i c r ing B fragment formed by the r e t r o - D i e l s -
Alder fragmentation of the molecular ion by pathway I I . Other 
prominent peaks in the spectrum were a t m/z 297, (M-H)"^  and 269, 
(M-CHO)'*"(Chart-XII). 
The synthes is of 5-hydroxy-7,4'-diinethoxyflavone (CIX) 
can be envisaged as a chalcone-fLavanone-flavone conversion since the 
chalcone-flavanone conversion accompanied by s e l e c t i v e demethylation 
i s qu i te f a c i l e under these condi t ions . 
Moreover, in a separa te experiment, when 5-hydroxy-7,4'~ 
dimethoxyflavanone (CVIII) was heated at ref lux temperature in DMF 
in the presence of NiCl^-Zn-Kl reagent system for one week, the 
conversion in to 5-hydroxy-7,4'-dimethoxyflavone (CIX) was almost 
q u a n t i t a t i v e . 
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The transformation of flavanone (CVIII) to flavone (CIX) 
may be explained in terms of catalysis by the in-situ generated 
atomic nickel. It is quite probable that the flavone (CIX) may be 
formed from metal enolate (CXI)t which may be formed by the reaction 
of flavanone (CVIII) with ZnCl2» by the oxidative loss of metal 
species. The possible intermediacy of metal enolate (CXI) in the 
flavanone-flavone conversion seems of immense biogenetic importance, 
since it offers an explanation for the biogenesis of flavones, 
having no substituent or without a free hydroxy group in the ring B, 
which is not yet fully understood. 
OCH, 
(CIX) 
II 
Many special hypotheses, based on good chemical analogies, 
have been proposed to explain the genesis of flavones, having no 
substituent or without a free hydroxy group in ring B. Proposals 
for the formation of flavones have included direct oxidation of a 
flavanone to give a flavanone C-3 cation which could be transformed 
to flavone or enolisation of the flavanone followed by attack by the 
+ 27 28 
equivalent of OH and dehydration (Scheme-XIIl) * . However, the 
mechanisms proposed for these oxidation reactions are doubtfully 
feasible in-vitro. 
Scheme-XIII 
116 
127 
Birch has suggested that the metal assisted enolisation 
of flavanone followed by an oxidative loss of the metal species would 
also yield the flavone. This hypothesis was, however, neglected in 
the event of lack of a chemical analogy for this reaction and the 
recent evidence suggesting that the chalcones rather than flavanone 
are the more direct precursors of flavones. 
29 Pelter £t al_. have proposed, on the basis of their 
studies on the oxidation experiments with flavonoids, that phenolic 
oxidation of a 4-(2)-hydroxychalcone or [4'-(2')-hydroxyflavanone] 
serves to initiate the transformation to flavone. The noteworthy 
point of their studies was the lack of oxidation of those compounds 
in which the hydroxy group on the ring B was methylated. 
The production of flavones not bearing a hydroxy group on 
the B-ring is, thus, not explained by Pelter's hypothesis. Pelter 
et al. have suggested that such compounds are made in a totally 
different fashion from other flavones, but if it be assumed that 
1 i 7 
t h e g e n e r a l mode of b i o s y n t h e s i s i s the same, e i t h e r a 4*-hydroxy 
group i s l o s t a f t e r f lavone format ion or the o x i d a t i o n proceeds by 
a d i f f e r e n t pathway. They have envisaged t h a t t h e s e compounds are 
p robab ly formed d i r e c t l y from cha lcones by a m o d i f i c a t i o n of B i r c h ' s 
p roposa l (Scheme-XIV). C y c l i s a t i o n of t h e 2 ' - h y d r o x y c h a l c o n e i s 
i n i t i a t e d by a meta l ion t o y i e l d metal e n o l a t e (CXII) d i r e c t l y . The 
p roposa l d i f f e r s from p rev ious sugges t ion in t h a t (CXII) does not 
a r i s e from ke tone by i n i t i a l e n o l i s a t i o n of f l a v a n o n e . 
• ^ - ^ h 
(CXII) 
Scheme-XIV 
The p o s s i b l e i n t e rmed iacy of z inc e n o l a t e (CXI) in t h e 
t r a n s f o r m a t i o n of 5 -hydroxy-7 ,4 ' -d ime thoxyf l avanone (CVIII) t o 
5-hydroxy-7 ,4*-dl ine thoxyf lavone (CIX) s t i m u l a t e d i n t e r e s t in t h e 
mechanism of t h i s r e a c t i o n . Thus , in o rde r t o o b t a i n an i n s i g h t 
i n t o the mechanism of t h i s r e a c t i o n , t he r e a c t i o n s of 2 ' -hydroxy-
4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e (C) with zinc c h l o r i d e and n i c k e l 
c h l o r i d e , in separate experiments, have been s t u d i e d . 
us 
REACTION OF 2'-HYDR0XY-4.4«,6'-TRIMETH0XYCHALC0NE (C) WITH ZINC 
CHLORIDE 
The r e a c t i o n was performed by r e f l u x i n g 2 ' - - h y d r o x y - 4 , 4 ' , 
6* - t r ime thoxycha lcone in N,N-dimethylformamide in t h e p resence of 
z inc c h l o r i d e . The r e a c t i o n was t e r m i n a t e d a f t e r one week and 
worked up t o g e t a crude mass which was s u b j e c t e d to column 
chromatography over s i l i c a g e l . E l u t i o n of the column wi th d i f f e -
r e n t so lven t systems af forded four p roduc t s which were i d e n t i f i e d 
as 5-hydroxy-7,4»~dimethoxyf lavanone ( C V I I I ) , 5 , 5 " - d i h y d r o x y - 7 , 7 " , 
4 ' , 4 ' " - t e t r a m e t h o x y - [ 8 , 8 " ] - b i f l a v a n o n e (CXII ) , 5 , 5 " - d i h y d r o x y -
7 , 7 " , 4 ' , 4 ' " - t e t r a m e t h o x y - [ 6 , 8 " ] - b i f l a v a n o n e (CXIII) and 5 , 5 " - d i -
h y d r o x y - 7 , 7 " , 4 ' , 4 ' " - t e t r a m e t h o x y - [ 6 , 6 " ] - b i f l a v a n o n e (CXIV). 
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CHARACTERISATION OF 5,5''~DIHYDR0XY-7,7^\4' ,4'^''-TETRAMETHOXY-CSyS'^J-
BIFLAVANONE (CXII) 
The compound m e l t i n g a t 170-2 C gave p o s i t i v e a l c o h o l i c 
FeCl-3 and Shinoda t e s t s . The i n f r a - r e d spectrum showed bands a t 
3440 (OH) and 1635 cm (5-hydroxyf lavanone C:=0). U l t r a - v i o l e t 
spectrum was almost i d e n t i c a l t o t h a t of 5 - h y d r o x y - 7 , 4 ' - d i m e t h o x y -
f lavanone (CVIII) e x h i b i t i n g bands a t 228 , 290 and 320 nm. The 
s t r u c t u r e was f u r t h e r e l u c i d a t e d wi th t h e he lp of n . m . r . and mass 
s p e c t r a . 
N.m.r . spectrum ( F i g . - 2 8 ) , in p a r t i c u l a r t h e a romat ic 
r e g i o n , proved very he lp fu l in the s t r u c t u r e e l u c i d a t i o n . A s t r i k i n g 
degree of symmetry in t h e molecule was c l e a r l y ev iden t from even a 
c u r s o r y examinat ion of t h e n . m . r . spectrum which , being remarkably 
s i m i l a r t o t h a t of 5 -hydroxy-7 ,4*-d imethoxyf lavanone (CVIII) and 
showing only two e q u i v a l e n t h igh f i e l d p h l o r o g l u c i n o l r i n g p r o t o n s , 
a t once sugges ted e i t h e r a 0-6/0-6" or a C-8/C-8'''' i n t e r f l a v o n o i d i c 
l i n k a g e . The a romat ic r eg ion of t h e spectrum d i s p l a y e d a p a i r of 
d o u b l e t s , showing t y p i c a l A2B2 p a t t e r n , a t d 6 .91 and 7.37 (J=9 Hz) 
which were a s s i g n a b l e t o e i g h t p ro tons on the two p - s u b s t i t u t e d 
B - r i n g s . A s h i e l d e d s i n g l e t in t h e a romat ic r e g i o n a t d 6 . 0 5 , wi th 
an i n t e g r a t i o n one f o u r t h t o t h a t of s i g n a l s f o r r i n g s B p r o t o n s , 
was a s c r i b e d t o t h e two e q u i v a l e n t p ro tons on C-6 and C-6 . A m u l t i -
p l e t c e n t r e d a t d 3 . 0 0 , i n t e g r a t i n g for four p r o t o n s was a s c r i b a b l e 
t o t h e C-3 and C-3 methylene p r o t o n s . Another m u l t i p l e t c e n t r e d 
121 
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at d 5.33 for 2 protons was assigned to the C-2 and C-2''^  protons. 
Two singlets, each integrating for six protons, observed at d 3.76 
and 3.82 were due to the protons of the four methoxy groups on 
C-7,7'',4' and 4'^ '. A singlet for two protons at d 12.12 was due to 
the phenolic protons in the position 2' and 2'"''. Of the two possi-
ble linkages, the compound was assigned C-8/C-8 linkage since the 
n.m.r. data and melting point of this compound are different from 
that of 5,5"-dihydroxy-7,7",4',4"'-tetramethoxy-[6,6"]-biflavanone 
128 (CXIV) . The compound was thus characterised as 5,5''''-dihydroxy-
7,7",4»,4"'-tetramethoxy-[8,8'']-biflavanone (CXII), which was 
further supported by its mass spectrum (Fig,-29). 
The pattern of the mass spectral fragmentation of the 
compound (Chart-XIII) provides clear evidence in favour of the high 
symmetry in the molecule. The mass spectrum is dominated by the 
doubly charged ions. The molecular ion peak expected at m/z 598 
was not observed. However, the appearance of the ion at m/z 299 
can be attributed either to the formation of doubly charged mole-
cular ion, M , or to the fission at the diaryl linkage giving two 
fragments with identical mass to charge ratios, or to the contribu-
tions from both. The loss of one hydrogen atom or ring B from each 
flavanone unit of the doubly charged molecular ion, AT"*", gave doubly 
charged ions at m/z 298 and 192. The RDA fragmentation of the each 
flavanone unit yielded ring B fragment at m/z 134 and a doubly 
charged ion at m/z 165. RDA fragmentation by the alternate pathway 
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afforded another doubly charged ion at m/z 166. The formation of 
an ion at m/z 444 may be explained in terms of loss of CH^ and OCH^, 
loss of one hydrogen atom from one unit and ring B from the other 
unit. The ion at m/z 311 resulted from the RDA fission of one unit, 
loss of ring B from the other unit and loss of (CH^+OCH^). The 
formation of an ion at m/z 338 may be explained by the loss of two 
B-rings, one as a radical and the other as a cation, from the doubly 
charged molecular ion, M^"*". 
The linkage was further confirmed by comparing the product, 
obtained by the dehydrogenation followed by methylation, with an 
128 
authentic sample of cupressuflavone hexamethyl ether (co-t.l.c, 
m.m.p. and u.v. shade). 
CHARACTERISATION OF 5,5''-DIHYDR0XY-7,7 ,4' ,4^^^-TETRAMETH0XY-[6,8'']-
BIFLAVAN0NE (CXIII) 
The compound melting at 172-4°C exhibited, in its mass 
spectrum, the molecular ion peak at m/z 598. It gave positive ale. 
FeClo test and red colour with cone. H2SO4 suggesting it to be a 
chalcone or flavanone. The i.r. spectrum exhibited bands at 3450 
(OH) and 1630 cm~ (5-OH-flavanone C=0) besides usual aromatic bands. 
U.v. spectrum of this compound displayed maxima at 228, 289 and 
320 nm. The i.r. and u.v. spectra in conjunction with the molecular 
ion peak revealed it to be a dehydrodimer of 5-hydroxy-7,4'-di-
methoxyflavanone (CVIII). The linkage of the two units was estab-
lished with the help of n.m.r. and mass spectra. 
126 
The n.m.r. spectrum clearly indicated the unsymmetrical 
nature of linkage between the two flavanone units, and thus the 
I " I if 
possibility of I-8/II-8 and I-6/II-6 was ruled out. Two singlets 
observed at d 12.52 and 12.35, each for one proton were imputed to 
two phenolic protons. Signals for the protons of four methoxy 
groups were observed as a compact group of singlets in the region 
d 3.77-3.90. Three doublets (J=9 Hz) at d 7.00, 7.32 and 7.49 
integrating for four, two and two protons, respectively, were 
ascribed to the protons on the two p-substituted B-rings. Two 
shielded singlets, in the aromatic region, each integrating for one 
proton, at d 6.22 and 6.30 were ascribed to C-8 and C-6 protons, 
respectively. Ring C protons appeared as two multiplets centred at 
d 3.02 for 4 protons and d 5.46 for two protons ascribable to C-3,3 
and C-2,2 protons, respectively. The mass spectrum exhibited 
structurally diagnostic RDA fragments at m/z 134, 165 and 166 
(Chart-XIV). A peak at m/z 192 is due to the doubly charged ion 
formed by the loss of ring B from each unit. The base peak in the 
spectrum was seen at m/z 121 due to the p-methoxybenzyl cation. 
Other structurally diagnostic peaks were present at m/z 465, result-
ing from the RDA fission of one unit, and at m/z 436 due to the ion 
formed by the loss of cinnamoyl cation from one unit and the 
hydrogen from the other unit. The peak at m/z 161 may be attributed 
to the p-methoxycinnamoyl cation. The structure was further 
confirmed by comparing the product, resulting from the dehydrogen-
ation and methylation, with an authentic sample of agathisflavone 
128 hexamethyl ether (co-t.l.c, m.p. and m.m.p.). 
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.//-CHARACTERISATION OF 5,5 ~DIHYDR0XY-7,7 ,4',4^''-TETRAMETHOXY-[6,6 ]-
BIFLAVANONE (CXIV) 
This product melting at 291-4°C gave positive ale. FeCl^ 
and Shinoda tests. The ultra-violet spectrum of the compound showed 
it to be a flavanone by exhibiting maxima at 229, 289 and 322 nm. 
The presence of hydroxy group was confirmed by the band at 3440 cm" 
in its infra-red spectrum. The carbonyl band was observed at 1640 
cm" • The i.r. and u.v. spectra in conjunction with the molecular 
ion peak gave an idea that the compound is a dimer of a flavanone. 
The structure was further elucidated with the help of n.m.r. and 
mass spectra. 
The n.m.r. spectrum was clearly indicative of the symmetri-
cal nature of the linkage between the two flavanone units. Signals 
for the four methoxyls were observed as singlets at d 3.76 and 3.85 
each integrating for six protons. A singlet at d 12.00 for two 
protons was ascribed to 0-5,5" hydroxy groups. The aromatic region 
of the n.m.r, spectrum exhibited two doublets (J=9 Hz) at d 6.86 and 
7.64 each for 4 protons and showing k^^^ Pa'ttern, These signals were 
attributed to the eight protons on the two p-substituted B-rings. A 
shielded singlet in the aromatic region at d 6.40 for two protons 
could only be assigned to protons on the two electron-rich phloro-
glucinol rings. This signal was assigned to the C-8 and C-8 
protons of the A-rings. Ring C protons were seen as two multiplets 
centred at d 2.98 and 5.75. The multiplet centred at d 2.98 for 
]2J 
four protons was attributed to the C-3 and C-3 protons, while othe 
at d 5.75 for two protons was assigned to C-2 and C-2" protons of 
two flavanone units. The compound was, thus, characterised as 
// 5,5 -dihydroxy-7,7 ,4',4'"-tetramethoxy-[6,6 ]-biflavanone (CXIV). 
The structure was further substantiated by its mass 
spectrum (Chart-XV). The peak at m/z 299 can be attributed to 
either the doubly charged molecular ion or to the ion resulting from 
the fission of the diaryl linkage or to both. The peak at m/z 464 
arose from the RDA fragmentation of one unit, while the RDA fragment 
ation of both the units yielded a doubly charged ion at m/z 165. The 
fragment at m/z 165 provided evidence in favour of the linkage of 
the two units through A-rings. Another doubly charged ion at 
m/z 192 may be attributed to the loss of B-rings from the doubly 
charged molecular ion. The base peak in the spectrum was observed 
at m/z 121 due to the p-methoxybenzyl cation. 
An unequivocal evidence in support of the structure was 
provided by comparison of the compound, formed by the dehydrogena-
tion and methylation, with an authentic sample of succedaneaflavone 
129 hexamethyl ether (co-t.l.c, m.p. and m.m.p.). 
The formation of biflavanones (CXII-CXIV) can be explainec 
either in terms of the oxidative coupling of 2'-hydroxy-4,4',6'-tri-
methoxychalcone (C) followed by cyclisation accompanied by selective 
demethylation of C-5 and C-5 methoxy groups or by the conversion of 
J J O 
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chalcone (C) to 5-hydroxy-7,4'-dimethoxyflavanone (CVIII) followed 
by phenol oxidative coupling. 
To obtain an insight into the mechanism, the reaction of 
2'-hydroxy-4,4',6'-trimethoxychalcone (C) with ZnCl2 was further 
studied. Thus, a mixture of chalcone (C) and ZnCl2 was refluxed in 
DMF for 2 hours. The reaction on usual work up revealed almost 
quantitative formation of 5-hydroxy-7,4'-dimethoxyflavanone (CVIII). 
It can be envisaged, thus, that the chalcone is first transformed to 
5-hydroxy-7,4'-dimethoxyflavanone. A radical at 5-OH is then 
generated and delocalised on the carbons 6 and 8 to give radicals 
(CXVI) and (CXVII), respectively. The appropriate coupling of these 
mesomeric radicals or electrophilic substitution of these radicals 
on an intact molecule of 5-hydroxy-7,4*-dijnethoxyflavanone may 
afford biflavanones (CXII-CXIV). A plausible mechanism for the 
formation biflavanones can be written as in Scheme-XV. 
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REACTION OF 2'-HYDR0XY-4,4«,6'-TRIMETH0XYCHALC0NE (C) WITH NICKEL 
CHLORIDE 
The r e a c t i o n of 2 ' - h y d r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e has 
a l s o been s t u d i e d wi th n i c k e l c h l o r i d e in N,N-diniethylfonnamide to 
check t h e r o l e of NiCl2 in t h e NiCl2 -Zn-KI ' r eagen t system. The 
r e a c t i o n was performed by r e f l u x i n g a mix tu re of 2 ' - h y d r o x y - 4 , 4 • , 6 ' -
t r ime thoxycha lcone and n i c k e l c h l o r i d e in DMF f o r one week. Af te r 
u sua l work up and chromatographic p u r i f i c a t i o n over s i l i c a ge l 
column, four p r o d u c t s , b e s i d e s u n r e a c t e d c h a l c o n e , were ob t a ined 
which were c h a r a c t e r i s e d as 2 ' - h y d r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y d i h y d r o -
chalcone (CXVIII) , 5 -hydroxy-7 ,4 ' -d ime thoxyf l avanone ( C V I I I ) , 
5 , 5 ' ' - d i h y d r o x y - 7 , 7 ' ^ 4 ' , 4 ' " - t e t r a m e t h o x y - [ 8 , 8 ' ' ] - b i f l a v a n o n e (CXII) 
and 2 ' " - h y d r o x y - 5 , 7 , 4 ' , 4 " , 4 ' " , 6 ' ' ' - h e x a m e t h o x y - . [ 8 , 5 ' ' ' ] - f l a v a n o n y l -
cha lcone (CXIX). 
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CHARACTERISATION OF 2'-HYDR0XY-4.4'.6'-TRIMETH0XYDIHYDR0CHALC0NE 
(CXVIII) 
The compound melting at 138-40°C gave positive ale. FeCl^ 
test and exhibited molecular ion peak, in its mass spectrum (Fig.-30) 
at m/z 316. The i,r. spectrum displayed stretching frequencies for 
OH and C=0 groups at 3440 and 1620 cm . Ultra-violet spectrum 
proved helpful in predicting the nature of the C_-unit. The u.v. 
spectrum exhibited maxima at 220 and 282 nm. It was further 
evidenced by its n.m.r. spectrum (Fig.-31) which did not show the 
singlet for the protons on the a and p carbon atoms. Instead, a 
multiplet for four protons in the region d 2.80-3.35 was observed 
which was attributed to the methylene protons on the C-a and C-p. 
Signal for the protons of the three methoxy groups was observed as 
a singlet at d 3.81. Two meta-coupled doublets (J=3 Hz), each for 
one proton, at d 5.91 and 6.03 were due to the protons on the C-3' 
and C-5' of electron-rich phloroglucinol ring A. A pair of doublets 
(J=9 Hz), showing A2B2 pattern and each integrating for two protons, 
at d 6.82 and 7,15 was ascribed to C-3,5 and C-2,6 protons, 
respectively. A singlet integrating for one proton at d 13.96 was 
due to the phenolic proton on the C-2'. The compound was, there-
fore, characterised as 2'-hydroxy-4,4',6'-trimethoxydihydrochalcone 
(CXVIII). Mass spectrum of this compound was in good agreement to 
the assigned structure (Chart-XVI). It exhibited an intense mole-
cular ion peak at m/z 316 accompanied by an (M+H) ion at m/z 317. 
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The base peak was found at m/z 181, resulting from the molecular 
ion by the fission of the C-C bond. An ion at m/z 135 resulted 
from the fission by alternate pathway. Other structurally diagnos-
tic peaks in the spectrum were at m/z 154, 134 and 121. 
CHARACTERISATION OF 2^ '^  ~HYDR0XY-5,7,4',4",4"',6"'-HEXAMETHOXY-
[8,5'" ]-FLAVANONYL"CHALCONE (CXIX) 
The compound, m.p.169-71 C, showed the molecular ion peak, 
in its mass spectrum (Fig,-32) at m/z 626 suggesting it to be a 
dimer product. It gave positive ale, FeCl^ test, dark red colour 
with cone, H«SO., Its infra-red spectrum displayed stretching 
frequencies for hydroxy group at 3400 cm" and two carbonyl stretch-
ing bands at 1640 and 1620 cm~ . Ultra-violet spectrum displayed 
maxima at 225, 238, 280, 322 and 365 nm. The bands at 238 and 
365 nm suggested the presence of chalcone moiety while those at 280 
and 322 nm were indicative of flavanone structure. The molecular 
ion in conjunction with i,r. and u.v. spectra led us to conclude 
that the compound is a flavanonyl-chalcone. The position of the 
linkage was established with the help of n.m.r, spectroscopy. 
The n.m.r, spectrum (Fig,-33) showed methoxyl signals as 
a compact group within the range d 3.75-3,92, Two multiplets 
centred at d 2,82, integrating for two protons, and d 5,34 for one 
proton were ascribable to C-3 and C-2 protons of flavanone unit. 
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These signals confirmed the nature of one unit as flavanone. A 
singlet at d 7.74 for two protons was assigned to the two olefinic 
protons of the chalcone unit, as seen in the model compound 
2'-hydroxy-4,4',6'-triinethoxychalcone (C)-^°^. A singlet at d 12.10 
for one proton was ascribed to hydrogen bonded hydroxy group on 
C-2'", These signals confirmed the second unit as the chalcone. We 
then required to establish the points of linkage. A doublet at 
d 6.92 (J=9 Hz) for four protons, due to the two superimposed 
doublets, was imputed to C-3',5',3",5" protons. Two more doublets 
at d 7.37 and 7,54 (J=9 Hz), each for two protons and showing coupl-
ing to the companion doublet at d 6.92 were assigned to the C-2',6* 
and C-2",6" protons, respectively. These signals suggested that 
neither of the B-rings was involved in the linkage. Furthermore, 
the presence of signals for C-ring protons of flavanone and olefinic 
protons of chalcone unit in the spectrum confirmed the linkage of 
the two units through rings A. The presence of two shielded 
singlets at d 5.95 and 6,02, each for one proton, which could only 
be assigned to the electron-rich phloroglucinol rings, also 
confirmed the involvement of two rings A in the linkage. The signal 
for proton on the C-6 generally appears slightly high field compared 
to that on C-8 in the n.m.r. spectrum of 5,7-dioxygenated flavanones, 
while the C-3' proton signal resonates at slightly higher field 
compared to that at C-5' in the n.m.r. spectrum of chalcones whose 
43 
ring A derives from phloroglucinol . These observations are of 
great importance in locating the position of linkage. The singlet 
143 
at d 5.95 was, thus, assigned to C-3'" proton of the chalcone unit 
and that at d 6.02 to the C-6 proton of the flavanone unit. The 
compound was, therefore, characterised as 2'" -hydroxy-5,7,4',4" ,4'" , 
6'" -hexamethoxy-[8,5'" ]-flavanonyl-chalcone (CXIX). 
The structure of the compound was further supported by its 
mass spectrum (Chart-XVII). Mass spectrum displayed molecular ion 
peak at m/z 626 and an (MfH)"*" ion at m/z 627. The base peak in the 
spectrum was at m/z 313 which can be attributed either to the fission 
at the diaryl linkage giving two fragments with identical mass to 
charge ratio, or to the formation of a doubly charged molecular ion, 
AT"*", or to contribution from both. An ion at m/z 121 was due to the 
p-methoxybenzyl cation, a characteristic flavanone and chalcone 
fragment. The structurally diagnostic fragment in the mass spectrum 
was the doubly charged ion at m/z 179 formed by the RDA fragmenta-
tion of the two units. Another important doubly charged ion at 
m/z 193 can be obtained by RDA fission of one unit and loss of 
ring B from other unit. RDA fragmentation of flavanone unit and 
loss of a methyl provided an ion at m/z 432. The peak at m/z 312 
can be attributed to the doubly charged ion formed by the loss of 
one proton from each unit. An ion at m/z 327 also supports the 
linkage through rings A. 
It is obvious from a cursory examination of the products 
obtained in the reaction of chalcone (C) with NiCl2 that both the 
oxidative and reductive processes have taken place. The formation 
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of the 2 ' -hydroxy-4,4 ' ,6 ' - t r i inethoxydihydrochalcone (CXVIII) can be 
explained in terms of s e l ec t ive reduction of the o l e f in i c bond, 
e i t h e r by the Ni (0) or by Ni ( I I ) complexes with DMF. The complexes 
of both the Ni (0) and Ni ( I I ) species have been reported to effect 
130 
reduction of the o le f in ic bond . 
The formation of 5 ,5" -d ihydroxy-7 ,7" ,4 ' ,4 ' " - te t ramethoxy-
[8,8"]-bif lavanone (CXII) can be explained, e i t h e r in terms of 
phenol oxidat ive coupling of 5-hydroxy-7,4'-dimethoxyflavanone 
(CVIII) or by the oxidat ive coupling of two 2 ' - h y d r o x y - 4 , 4 ' , 6 ' - t r i -
methoxychalcone (C) un i t s followed by cyc l i s a t i on of both the u n i t s 
and se l ec t ive demethylation of the C-5 and C-5" methoxy groups. A 
p laus ib l e mechanisms i s out l ined in Scheme-XVI. 
The formation of flavanonyl-chalcone (CXIX) seems to 
r e s u l t by the oxidat ive coupling of 2 ' -hydroxy-4 ,4 ' , 6 ' - t r ime thoxy-
chalcone (C) followed by cyc l i s a t i on of one u n i t . I t i s qu i t e 
probable t ha t the rad ica l generated at 2 '-hydroxy group of chalcone 
(C) and de loca l i sed on the C-5' a t t acks e l e c t r o p h i l i c a l l y at the 
C-8 of an i n t a c t molecule of 5 ,7 ,4 ' - t r imethoxyflavanone (CXXIV). 
The p laus ib le mechanism for the formation of flavanonyl-chalcone 
(CXIX) i s out l ined in the Scheme-XVII. 
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( i i ) = S e l e c t i v e demethyla t ion 
Scheme - XVI 
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0 CH 
CH, H C K ^ ^ ^ ^ ' ^ H 
(CXXIII) OCH3 0. 
C y c l i s a t i o n 
(CXXII) + OCH, 
Scheme-XVII 
4a 
It can be said on the basis of the results of the reactions 
of 2-hydroxy-4,4«,6'-trijnethoxychalcone (C) with ZnCl2 and with NiCl^ 
that these salts are effective reagents for the chalcone-flavanone 
conversion accompanied by selective demethylation, and that NiCl2 is 
not as much effective as ZnCl^. 
Since NiCl^ reacts with zinc powder in the presence of KI 
to generate presumably atomic nickel and zinc chloride, the trans-
formation of chalcones (C, CXc) to 5-hydroxy-7,4'-dimethoxyflavanone 
(CVIII) with NiClg-Zn-KI reagent system can be speculated to be 
simply a ZnCl^ mediated conversion. Furthermore, since 5-hydroxy-
7,4*-dijnethoxyflavone (CIX) was not obtained, even in trace, in the 
reactions of 2'-hydroxy-4,4*,6*-trimethoxychalcone (C) with NiCl2 
and ZnCl2» the possible intermediacy of zinc enolate (CXI) in the 
flavanone-flavone conversion was ruled out. The fonnation of 
5-hydroxy-7,4'-dimethoxyflavone (CIX) in the reactions of chalcones 
or 5-hydroxy-7,4'-dimethoxyflavanone (CVIII) with NiCl2-Zn-KI system 
can, thus, be explained in terms of dehydrogenation of 5-hydroxy-
7,4'-dimethoxyflavanone with in-situ generated atomic nickel. 
Hydrogenation catalysts such as platinum, palladium and nickel etc, 
have been reported to effect dehydrogenation • The reaction, in 
this case, is reverse of the double bond hydrogenation and probably 
the mechanism is also the reverse of that one, though much is not 
known. 
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I t i s worthwhile to mention here tha t the reac t ion of 
2 ' -hydroxy-4,4 ' ,6*-tr i inethoxychalcone (C) with zinc chlor ide 
produced 5-hydroxy-7,4'-dimethoxyflavanone and three isomeric 
biflavanones (CXII-CXIV) formed probably from CVIII by the phenol 
oxidat ive coupling. The reac t ion of 5-hydroxy-7,4'"-dimethoxy-
flavanone with NiCl^-Zn-KI, when conducted for one week, however, 
did not give any of these bif lavanones. This can be a t t r i b u t e d to 
the presence of iodide ion. I t i s envisaged t h a t the coordination 
of iodide ion t o the Zn ( I I ) spec ie s , probably, increases the 
117 e lec t ron dens i ty of the Zn ( I I ) species , t h u s , i nh ib i t ing i t 
from abs t rac t ing e lect ron from the e lect ron r i ch r ing A. 
The dimeric products obtained in the reac t ions of 
2 ' -hydroxy-4 ,4 ' ,6 ' - t r imethoxychalcone with ZnCl^ and with NiCl^» 
which a r i s e probably by the phenol oxidat ive coupl ing, are i n t e r s t -
ing both from synthet ic as well as biogenetic point of views. The 
oxidat ive coupling of free r ad i ca l spec ies , derived from phenolic 
subs t ra tes i s now widely accepted as the pathway by which many 
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na tura l products are b iosynthes ised . . Such a route has a lso been 
suggested as being involved in the biogenesis of b i f lavonoids . 
41 Baker, Oil i s and co-workers were the forerunners of several who 
suggested tha t the concept of phenol oxidat ive coupling might offer 
an explanation for the biogenesis of b i f lavonoids . 
1)0 
132 Waiss and co-workers investigated the oxidative 
coupling of apigenin (CXXV) using alkaline potassium ferricyanide 
and isolated two biflavones with I-3/II-3' (CXXVI) and I-3/II-3 
(CXXVII) interflavone linkages, which arose presumably by appro-
priate spin pairing of mesomeric radicals (CXXIX) and (CXXX). 
(CXXVI) (CXXVII) 
(CXXV) 
^2^^^^^h, 
I (CXXVIII) 
(CXXX) (CXXIX) 
1 5 1 
1 O"? 
Electron spin resonance (ESR) studies have shown that 
delocalisation of an unpaired electron initially generated at the 
C-4' hydroxy group in apigenin (CXXV) occurs only in rings B and C 
no hyperfine splitting has been observed at the carbon atoms of 
ring A. The self coupling of the mesoraeric radicals (CXXIX) and 
(CXXX), therefore, can not explain the formation of natural 
biflavones which possesss an interflavone linkage at C-6 or C-8 of 
ring A. Thus, in order to explain an interflavone linkage to 
ring A in naturally occurring biflavones Waiss and co-workers 
believed that a radical, initially generated at C-4' in apigenin 
and delocalised, attacks electrophilically the electron rich C-6 or 
C-8, position of an intact apigenin molecule. 
Radical substitution, however, fails to offer an explana-
tion for the formation of cupressuflavone, agathisflavone and 
succedaneaflavone (Fig.-4), in which the two units are linked 
through ring A, if it is accepted that no free radical can exist on 
ring A. However, if a free radical were to be generated at either 
of the hydroxy groups in ring A of apigenin, delocalisation of the 
electron in this ring would enable pairing between the independently 
generated radicals (CXXXII) and (CXXXIII) (Scheme-XVIII) to give 
biflavones involving rings A in linkage. The formation of these 
biflavones can also be explained by radical substitution if radical 
were to be generated on ring A, since ring A will be more suscepti-
ble to an electrophilic attack. Radical substitution, however, fails 
to explain the formation of taiwaniaflavone (CXXVI). 
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(CXXXIII) (CXXXII) 
Scheme - XVIII 
There i s , however, no evidence in favour of generat ion of 
a r ad ica l on r ing A of f lavonoids. Synthesis of I - 6 / I I - 6 dimer of 
apigenin-7 ,4 ' -d imethyl e ther (CXXXIV) by the oxidat ive dimerisat ion 
of apigenin-7 ,4 ' -d imethyl e ther (CIX) with FeCl^ in boi l ing dioxane 
134 135 
has been repor ted , in 6y. y ie ld • However, Murti et_ al_. when 
re inves t iga ted the react ion of apigenin-7 ,4 ' -d imethyl e ther (CIX) 
with FeClo in dioxane, i so la ted unexpectedly th ree isomeric 
biapigeninylmethane de r iva t ives on methylat ion, named as hexamethyl 
e thers of homocupressuflavone (CXXXV), homosuccedaneaflavone (CXXXVI) 
and homoagathisflavone (CXXXVII). 
CH30 Ov. ,_yF \ocH, 
I \ / PeCl 
(CIX) (CXXXIV) 
OCH OCH, 
(CXXXVI) 
r)'t 
1 "^ft 
Jackson and co-workexs have repor ted the i so l a t ion of 
four biflavanones (CXXXVIIIa-d), involving I - 3 / I I - 8 l inkage , from 
Garcinia buchananii Baker and G. eugeni i fo l ia Wall. The biogenesis 
of these biflavanones i s envisaged as involving e i t h e r rad ica l 
pa i r ing or r ad i ca l subs t i t u t i on of two complete or embryonic f lava-
none un i t s (Scheme-XIX). 
"V=^ ^ 
vr^ 
(a) GB-1; R^  = OH, Rg = H 
(b) GB-la; R = R^ = H 
(c) GB-2 ; R^  = R^ = OH 
(d) GB-2a; R^  = H, R^ = OH 
(cxxxvni) 
15 
(OCXXVIII) 
iH 0 
X=COOH; 2 , 4 , 6 - t r i h y d r o x y b e n z o y l e t c . 
Route 1 ( i ) hydrogen a b s t r a c t i o n , ( i i ) r a d i c a l p a i r i n g , ( i i i ) 
e n o l i s a t i o n , and ( i v ) f u r t h e r e x t e n s i o n of f lavanone 
s y n t h e s i s of a p p l i c a b l e . 
Route 2 (v) hydrogen a b s t r a c t i o n , ( v i ) r a d i c a l s u b s t i t u t i o n , 
( v i i ) l o s s of H atom, ( v i i i ) e n o l i s a t i o n . 
Scheme-XIX 
The genesis of various natural biflavones and biflava-
nones can be explained by the phenol oxidative coupling of hydroxy-
flavones and/or hydroxyflavanones either by the radical pairing or 
by radical substitution, but there are many biflavonoids the forma-
tion of which in plants can only be explained in terms of oxidative 
coupling at the chalcone stage followed by modification of the C^-
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u n i t . There i s , however, no r e p o r t , to the best of our knowledge, 
59 137 
on the oxidat ive dimerisat ion of chalcones * . Pe l t e r and 
29 
co-workers have inves t iga ted the oxidation of 2 ' -hydroxychalcones, 
derived from r e s o r c i n o l , with a lka l ine potassium fer r icyanide in 
d e t a i l . The noteworthy point of t h e i r s tud ies i s the lack of 
oxidation of any compound in which the hydroxy group on the r ing B 
was methylated, although in every case a free phenolic group was 
ava i lab le on C-2' of r ing A. In no case could oxidation on r ing A 
be observed, although the recovery of the s t a r t i n g mater ia l was 
exce l l en t . The products of oxidat ion of 2-hydroxy- and 4-hydroxy-
chalcones were e i t h e r flavones or aurones. 
The formation of biflavanones (CXII-CXIV) in the reac t ion 
of 2 ' -hydroxy-4 ,4 ' ,6 ' - t r imethoxychalcone (C) with zinc ch lo r ide , 
probably through the intermediacy of 5-hydroxy-7,4 '-dimethoxyflava-
none (CVIII) , provide an experimental evidence in favour of genera-
t ion of a r ad i ca l on r ing A of f lavonoids, a se r ious l i m i t a t i o n of 
the previous s t u d i e s . Also, the transformation i s an experimental 
evidence in favour of the idea t ha t coupling can a lso take place at 
the flavanone l e v e l . Another evidence in favour of generation of a 
r ad ica l on r ing A of flavonoids is provided by the transformation 
of chalcone (C) to flavanonyl-chalcone (CXIX). Oxidation on r ing A 
of 2'-hydroxychalcones has not e a r l i e r been repor ted . The conversion 
of C to CXIX provides an experimental analogy to the hypothesis for 
the b iosynthes is of bif lavonoids from chalcones. 
1[^J 
The transformation of chalcone (C) to flavanonyl-chalcone 
(CXIX) prompted us to study the oxidation of 2'-hydroxychalcones 
with known one electron oxidant, in alkaline medium to avoid cyclis-
ation, in order to provide further support to the proposal for the 
biosynthesis of biflavonoids from chalcones. . We selected iodine in 
the presence of potassium hydroxide as the reagent for this purpose. 
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REACTION OF 2»-HYDROXYCHALCONES WITH IODINE IN THE PRESENCE OF 
POTASSIUM HYDROXIDE 
Iod ine under b a s i c c o n d i t i o n i s a known r e a g e n t for oxida-
t i o n of p h e n o l s . The r eagen t has o c c a s i o n a l l y been r e p o r t e d t o 
b r i n g about o x i d a t i v e coupl ing of c e r t a i n p h e n o l i c s u b s t r a t e s under 
131 138 139 
a p p r o p r i a t e c o n d i t i o n s * . Omura has r e c e n t l y i n v e s t i g a t e d 
t h e ox ida t i on of phenols wi th i o d i n e in a l k a l i n e methanol in d e t a i l . 
The r e a c t i o n of phenols wi th i o d i n e in methanol c o n t a i n i n g a l k a l i 
such as po tass ium hydroxide and sodium hydroxide has been c a r r i e d 
out and, depending on t h e n a t u r e of t h e s u b s t i t u e n t s and t h e amount 
of i od ine u s e d , l e a d s t o i o d i n a t i o n , o x i d a t i o n t o g ive phenoxy 
r a d i c a l , o x i d a t i v e d i m e r i s a t i o n or b e n z y l i c o x i d a t i o n . 
The r e a c t i o n of 2 ' - h y d r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e (C) 
wi th iod ine in t h e p resence of potass ium hydroxide af forded a red 
s o l i d which was c h a r a c t e r i s e d as 2 ' , 2 " ' - d i h y d r o x y - 4 , 4 ' , 4 " , 4 " ' , 6 ' , 6 ' " 
h e x a m e t h o x y - [ 5 ' , 5 ' " ] - b i c h a l c o n e (CXXXIX). 
CH, 
OCH^ 0 
(C) 
CHsS^^^^^t^^ , r - / / VoCH 
(CXXXIX) 
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CHAMCTERISATION OF 2',2'"-DIHYDR0XY~4,4',4';4"',6',6"' -HEXAMETHOXY-
[5' ,5 '" 3-BICHALCONE (CXXXIX) 
The compound melting at 189-91°C showed the molecular ion 
peak at m/z 626 in its mass spectrum. It gave brown colour with 
ale, FeCl-3 and red colour with cone. H2SO4 and aqueous NaOH showing 
the presence of chalcone moiety. I.r. spectrum displayed stretching 
bands at 3440 cm"-'' (OH) and 1625 cm"-"- (2'-0H-chalcone C=0). The 
u.v. spectrum showed maxima at 228, 350 and 370 nm. I.r. and u.v. 
spectra in conjunction with the M"*"* at m/z 626 revealed it to be a 
bichalcone. The linkage was easily established with the help of 
n.m.r. spectrum, A cursory examination of the n.m,r. spectrum 
indicated high symmetry in the molecule, N.m.r. spectrum was very 
much similar to that of the starting chalcone and varied only in 
the signals for ring A protons. Signals for the protons of the six 
methoxy groups were observed as a compact group in the region 
d 3.80-4.00, At the lowest field, in the n.m.r. spectrum, was 
present a singlet at d 14,35 for two protons which was assigned to 
the protons of the two hydroxy groups on C-2' and C-2'" . Aromatic 
region of the spectrum displayed a couple of doublets (J=9 Hz) at 
d 6.90 and 7.50, each for four protons and exhibiting the A2B2 
pattern, which was ascribed to the protons on the two p-substituted 
B-rings. A singlet at d 7.65 for four protons was assignable to 
the olefinic protons of the two units. It is evident now that ring 
and Co-portion of the two chalcone units are not involved in the 
1,0 
linkage and two units are linked through ring A. The possibility 
of C-3'/C-5"' linkage was ruled out on the basis of high symmetry in 
the n.m.r. spectrum. A high shielded singlet at d 5.62 for two 
protons was ascribed to the C-3' protons of the two units. The 
linkage was further supported by its mass spectrum (Chart-XVIII). 
The fragmentation pattern is typical as that for the 2'-hydroxy-
chalcones. The structurally diagnostic fragments supporting the 
linkage of the two units through ring A were at m/z 358, 194 and 
179. 
The linkage was unequivocally confirmed by oxidation of 
bichalcone (CXXXIX) with selenium dioxide in isoamyl alcohol yield-
ing a biflavone which was found identical in all respects to an 
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authentic sample of succedaneaflavone hexamethyl ether . Further 
evidence in favour of the linkage was obtained by converting the 
bichalcone (CXXXIX) to 5,5"-dihydroxy-7,7",4',4'"-tetramethoxy-
[6,6"]-biflavanone (CXIV) with zinc chloride. 
As an extention, when the reaction of 2'-hydroxy-4,4'-
dimethoxychalcone (CIV) was carried out with iodine in the presence 
of potassium hydroxide under identical conditions, the usual work 
up of the reaction afforded a crude dark yellow solid which was 
crystallised from methanol to give crystals of 2',2"'-dihydroxy-
4,4' ,4",4'"-tetramethoxy-[3',5'"]-bichalcone (CXL). 
161 
m/i 133 ' I |] 
t ncr 
ra/r 194 
-n 
m/z 121 
OCH. 
OH 0 
rO -^
I 626 
M"^ ! m/z 313 
(•/* 3 5 8 ) * V z 179 
j+2H 
(n/x 360)**ra/z 180 
m/z 463 
m/z 134 / T-H 
m/z 464 
Chart-XVIII ""/== '•^ ^ 
16\ 
(CXL) 
CHARACTERISATION OF 2 ' ,2^'^-DIHYDROXY-4,4 ' ,4",4"'-TETRAMETHOXY-
[3',5"']-bichalcone (CXL) 
The compound melting at 180-1 C exhibited, in its mass 
spectrum (Fig.-34), the molecular ion peak at m/z 566 indicating 
it to be a dimeric product. It gave positive alcoholic ferric 
chloride test showing the presence of phenolic group. It gave dark 
red colour with cone. H^SO, and aq. NaOH solution indicative of the 
presence of chalcone or flavanone moiety. Infra-red spectrum 
displayed bands at 3440 (OH) and 1620 cm" (C=0). The nature of 
the compound was evident from the u.v. spectrum which showed bands 
at 210, 230, 330 and 380 nm. These bands suggested it to be a 
bichalcone. The position of the interchalcone linkage was deter-
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mined with the help of n.m.r. spectrum. N.m.r. spectrum (Fig.-35) 
displayed methoxyl protons as a compact group of four singlets in 
the region d 3.70-4.10. The linkage of one unit through C-5'" was 
confirmed by the presence of two singlets at d 6.65 and 8.30 each 
integrating for one proton. These signals were imputed to C-3'" 
and C-6'" protons, respectively. The presence of a doublet (J=9 Hz) 
at d 6,75 for one proton confirmed the linkage of other unit at C-3'. 
This signal was assigned to C-5' proton. Signals for the remaining 
aromatic protons as well as four olefinic protons were seen as two 
complex multiplets in the region d 6.85-7.20 and 7,40-8,10 integrat-
ing for six and seven protons, respectively. Two downfield singlets 
at 5 13,60 and 14.00 were ascribed to two phenolic protons. The 
structure was further supported by the mass spectrometry (Chart-XIX). 
The fragmentation pattern was typical as that for the 2'-hydroxy-
chalcones. Ring B fragments were seen at m/z 121, 133, 134, 135 and 
161. Most structurally diagnostic fragments were at m/z 326, 325, 
299, 271, 150 and 149. 
139 The plausible mechanism for the formation of bichal-
cones (CXXXIX, CXL) can be outlined as in Scheme-XX. The phenolate 
anion (CXLI), formed from chalcones in the presence of potassium 
hydroxide, react with iodine to produce radicals (CXLII) and iodide 
ion. Delocalisation of the electron in the ring A will give radi-
cals (CXLIII) and (CXLIV). The appropriate pairing of these radi-
cals or the electrophilic attack on an intact molecule of chalcone 
will give bichalcones (CXXXIX, CXL). 
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CH3O 
m/z 405 ^ ^ 
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Ch^rt-XIX ra/z 4b9 
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CH3CK>^:::\^0H // \ 
.0CH3 C H 3 0 Y ^ \ ^ i r ^ r ^ 
OH . • ' ' ^^=^ 
OCH. 
(C) R = OCH3 
(CIV) R « H 
-21 
A (CXLI) 
"*" 2 (a) R = OCH^; (b) R= H 
3^3 ="3°Y^ - |r^^ 
< > 
CX:H. 
R 
(CXLIII) 
(a) R = OCH3; (b) R = H 
\ 
CH, 
'/ \ \ 
(CXLII) 
(a) R = OCH3; (b) R= H 
•OCH, 
CCXLIV) 
(a) R = OCH3; (b) R = H 
2 X (CXLI I la). (CXXXIX) 
(CXLIIIb) + (CXLIVb) — ^ (CXL) 
Scbeme-XX 
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The dimerisation of chalcones provide first experimental 
evidence in favour of proposal for the biogenesis of biflavonoids 
by the phenol oxidative coupling at the chalcone stage. Oxidation 
of 2'-hydroxy group of chalcones has not earlier been observed. The 
synthesis of these bichalcones also provide an explanation to the 
fact that most natural biflavonoids involve ring A in the linkage. 
The formation of biflavonoids involving either ring B or Co-unit 
in the linkage can be explained by the generation of a radical at 
C-4 of chalcone. 
EXPERIMENTAL 
1B3 
All the melting points were recorded on a Kofler micro-
scopical hot stage and are uncorrected. Infra-red spectra were 
obtained on a Pye Unicam SP3-100 spectrophotometer. Ultra-violet 
spectra measured on a Pye Unicam PU 8800 instrument. Nuclear 
magnetic resonance spectra were recorded on either 60 MHz Varian 
A60D or 80 MHz Varian CFT-20 instruments using tetramethylsilane 
(TMS) as internal standard. All the chemical shift values are 
given in ppm down field from TMS (d=0). The abbreviations s, d, 
mc, t and dd denote singlet, doublet, multiplet centred at, triplet 
and doublet of doublet, respectively. Mass spectra were recorded 
with a JEOL JMS-D300 spectrometer at 70 eV. 
ATTEMPTED REACTION OF ASCORBIC ACID WITH CHALCONE (XXVIII) 
To a stirred solution of ascorbic acid (5 g, 27.5 mmol) 
in water (25 ml) under nitrogen atmosphere was added slowly a 
solution of chalcone (5.2 g, 25 mmol) in methanol at room tempera-
ture. The reaction mixture was stirred for one day at room tempera-
ture. The progress of the reaction was monitored by t.l.c. at an 
interval of two hours. The contents were then poured into ice cold 
water. A solid precipitated which was found identical in all 
respects to the starting chalcone (XXVIII) (m.p., m.m.p., co-t.l.c. 
and i.r.). 
liO 
ATTEMPTED REACTIONS OF ACETOPHENONE (XXXVI) AND FLAVANONE (XLI) WITH 
CARBON DISULPHIDE IN THE PRESENCE OF SODIUM 1,I-DIMETHYLPROPANOLATE 
(GENERAL PROCEDURE) 
To a cooled mixture of substrate (0.05 mol), sodium 
1,1-dimethylpropanolate (0.15 mol) and dimethylformamide was added 
carbon disulphide (0.30 mol) in small portions and the mixture was 
refluxed at 45-50°C for 3 days. T.l.c, examination of the reaction 
mixture did not reveal any change. Ice-cold water was then added 
and the organic contents were extracted with ethyl acetate, washed 
with water and dried. Evaporation of the organic layer yielded, 
in both the cases, starting material (m.p., m.m.p., co-t.l.c. and 
i.r.). 
REACTION OF 2-HYDROXYACETOPHENONE (LIX) WITH THIONYL CHLORIDE IN 
THE PRESENCE OF CATALYTIC AMOUNT OF PYRIDINE 
2-Hydroxyacetophenone (4 g, 29.4 mmol) was dissolved in 
thionyl chloride (52.5 g, 44.0 mmol) and a catalytic amount of 
pyridine (0.046 g, 0.58 mmol) was added. The contents were stirred 
at room temperature for 3 hours. The excess thionyl chloride was 
evaporated at room temperature under reduced pressure. A red gummy 
mass was obtained which was subjected to column chromatography over 
silica gel. Elution with petrol:benzene (1:1) afforded a light 
pink coloured solid, crystallised from chloroform-petrol mixture to 
give white crystals of thiirane (LX) (1.445 g, 27><) , m.p.l60-2°C. 
Further elution of the column with benzene yielded a red solid. 
J7i 
T.l.c. examination revealed it to be a mixture of many products 
which could not be resolved. 
Analysis Found : C, 52,67; H, 1.61 
1^6^ 6^ "'"2°4^  requires: C, 52.75; H, 1.65j^ . 
IR(KBr) : "^)„,^ 2940, 1725, 1610, 1590, 1470, 1450, 1320, 1295, 
^ Ilia X 
1215, 1190, 1140, 1100, 1060, 1000, 860, 830, 750, 
730, 690, 640 cm"-"-. 
UV(MeOH) : \ „ 240 and 290 nm. 
/\ max 
NMR(CDCl3) : d 7.0-8.0 (6H, m, Ar-H). 
MS(rel. int.): m/z 336 (4.01), 335 (3.68), 334 (21.76), 333 (6.05), 
332 (33.27), 298 (1.94), 200 (3.84), 198 (11.52), 
168 (33.00), 167 (2.50), 166 (100), 163 (18.21), 137 
(10.30), 112 (8.90), 110 (35.32), 103 (18.45), 92 
(15.00), 75 (40.35). 
REACTION OF 2-HYDR0XY-4-METH0XYACET0PHEN0NE (LXVIII) WITH THIONYL 
CHLORIDE IN THE PRESENCE OF CATALYTIC AMOUNT OF PYRIDINE 
To a solution of 2-hydroxy-4-methoxyacetophenone (3 g, 
18 mmol) in thionyl chloride (32.26 g, 270 mmol) was added a small 
amount of pyridine (0.03 g, 0.36 mmol). The reaction mixture was 
stirred at room temperature for 3 hours. Excess thionyl chloride 
was removed at room temperature under reduced pressure to get a red 
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mass which was subjected to column chromatography, Elution with 
petrolrbenzene (4:1) afforded a white solid which was crystallised 
from a mixture of petrol and benzene to give white crystals of LXIX 
(1.46 g, 34j<), m.p.l29-30°C. 
Analysis Found : C, 45.32; H, 2.26 
1^8%l^ -'-3°5^ 2 ^ eq^i^es: C, 45.38; H, 2.31ji. 
iR(KBr) : \)„,^ 2960, 1610, 1585, 1526, 1490, 1440, 1420, 1345, 
•^  IlioX 
1325, 1260, 1230, 1180, 1130, 1100, 1030, 1020, 975, 
940, 930, 850, 830, 810, 785, 740, 690, 640, 620 cm"-'", 
NMR(CDCl2) : d 3.80 (6H, s, 2XOCH3), 6.90 (3H, mc, H-3,5,5')» 7.44 
(IH, d, J=9 Hz, H-6), 7.80 (IH, d, J=9 Hz, H-6'). 
MS(rel. int.): m/z 445 (4.12), 443 (8.10), 441 (11.26), 397 (3.80), 
395 (7.42), 394 (2.15), 393 (11.32), 382 (2.00), 380 
(4.20), 378 (6.21), 360 (4.52), 359 (3.00), 358 
(13.28), 324 (7.20), 323 (20.40), 230 (8.00), 229 
(10.00), 228 (24.54), 216 (8.95), 215 (42.15), 214 
(23.50), 213 (100), 198 (12.51), 196 (16.54), 184 
(2.55), 150 (14.54). 
PREPARATION OF 2'~HYDR0XYDIBENZ0YLMETHANE (XC) 
Benzoyl chloride (25 g, 0.18 mol) was added to 2-hydroxy-
acetophenone (17 g, 0.125 mol). Td the resulting mixture was added 
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dry r e d i s t i l l e d p y r i d i n e (25 ml) and c o n t e n t s were shaken t o mix the 
c o n t e n t s . Af t e r 20 m i n u t e s , t h e r e a c t i o n mix tu re was poured wi th 
s t i r r i n g i n t o 600 ml of IM-HCl c o n t a i n i n g 500 g of crushed i c e . 
2-Benzyloxyacetophenone p r e c i p i t a t e d which was f i l t e r e d , washed with 
wa te r and c r y s t a l l i s e d from methanol (22 g ) , ni .p.86-7°C ( l i t . , 
m .p .87 -8°C) . 
2-Benzyloxyacetophenone (22 g) was d i s s o l v e d in dry 
p y r i d i n e (85 ml) and hea ted t o 50 C. Potass ium hydroxide (8 g ) , 
powdered r a p i d l y in a hot m o r t a r , was added to t h e r e s u l t i n g mix tu re 
wi th shak ing . The c o n t e n t s were shaken for 20 minutes and cooled t o 
room t e m p e r a t u r e . A p a l e ye l low s o l i d was c o l l e c t e d when 10'/. aq. 
AcOH (120 ml) was added wi th s t i r r i n g which was f i l t e r e d , d r i e d and 
c r y s t a l l i s e d from methanol t o g e t 34 g of 2 ' -hydroxydibenzoylmethane 
(XC), m . p . l l 8 - 2 0 ° C ( l i t . - ' - ^^ , m . p . l 2 1 ° C ) . 
PREPARATION OF 2',4'-DIHYDR0XYDIBENZ0YLMETHANE (XCIII) 
Benzoyl c h l o r i d e (20 g , 0 .28 mol) and dry r e d i s t i l l e d 
p y r i d i n e (25 ml) were added t o resace tophenone (15 .2 g , 0 .1 mol) in 
a round bottomed flask and t h e c o n t e n t s were shaken f o r h a l f an hour . 
The c o n t e n t s were then poured wi th s t i r r i n g i n t o 600 ml of IM-HCl 
c o n t a i n i n g c rushed i c e . A whi t e s o l i d c o l l e c t e d which was f i l t e r e d , 
washed with wa te r , d r i e d and c r y s t a l l i s e d from methanol t o g ive 
2 ,4 -d ibenzy loxyace tophenone (27 g , 7 5 / ) , m.p .45°C. 
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2,4-Dibenzyloxyacetophenone (27 g, 0.075mol) was dissolved 
in dry pyridine (100 ml) and the solution heated to 50°C. Powdered 
potassium hydroxide (8 g) was added with shaking and the contents 
were shaken for further 30 minutes. The reaction mixture was then 
cooled to room temperature and acidified with 10>< aq. AcOH (120 ml). 
A pale yellow solid precipitated which was filtered, washed with 
water, dried and crystallised from methanol to give yellow feathery 
crystals of 2',4'-dihydroxydibenzoylmethane (XCIII), m.p.l63-4°C. 
NMR(CDCl3) : d 2.25 (2H, mc, -CH2-), 6.40 (2H, mc, 3',5'-H), 6.65 
(IH, s, OH), 7.45 (4H, mc, Ar-H), 7.75 (2H, mc, Ar-H), 
12.40 (IH, s, OH). 
REACTION OF 2'-HYDROXYDIBENZOYLMETHANE (XC) WITH DIMETHYL SULPHOXIDE 
AND ACETIC ANHYDRIDE 
2'-Hydroxydibenzoylmethane (1 g) was dissolved in 4 ml of 
dimethyl sulphoxide. and acetic anhydride (2 ml) was added. The 
reaction mixture was heated at 160 C for 4 hours. The contents were 
then cooled down to room temperature and poured into the crushed 
ice. The organic material was then extracted with ethyl acetate. 
The organic layer washed with water, dried over anhydrous sodium 
sulphate and evaporated to give a gummy dark brown mass. The crude 
mass was subjected to column chromatography over silica gel. Elution 
with petrol:benzene (1:1) yielded a white compound which was 
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crystallised from petrol-ether mixture to give white feathery 
crystals of 3-benzoyl-2-methylbenzo-4-pyrone (XCI) (370 mg, 33;^), 
m.p.ll7-8°C. 
IR(KBr) : S)^,^ 2925, 2860, 1670, 1650, 1610, 1585, 1470, 1390, 
UV(MeOH) 
1365, 1230, 1145, 945, 925, 870, 765, 725, 690 cm"""^ . 
= A max 218, 250, 292 nm. 
NMR(CDCl3) : d 2.40 (3H, s, 2-CH3), 7.4-8.15 (9H, m, Ar-H). 
MS(rel. int.): m/z 265 (45.14), 264 (100), 236 (20.00), 235 (86.53), 
187 (19.18), 159 (5.35), 132 (4.21), 131 (7.85), 
121 (22.06), 120 (12.16), 105 (21.73), 93 (4.39), 
92 (6.09), 77 (48.61), 67 (38.55). 
REACTION OF 2',4'-DIHYDROXYDIBENZOYU^ETHANE (XCIII) WITH DIMETHYL 
SULPHOXIDE AND ACETIC ANHYDRIDE 
2'',4'-Dihydroxydibenzoylmethane (0.5 g) was dissolved in 
dimethyl sulphoxide (2 ml) and acetic anhydride (1 ml) was added. 
The reaction mixture was heated at 160 C for 4 hours. The contents 
were then cooled and poured into ice cold water and ethyl acetate 
was added. The organic layer was washed several times with water 
and dried over anhydrous sodium sulphate. Evaporation of the 
solvent yielded a crude mass which was chromatographed over a silica 
gel column. Elution with petrol:ether (1:1) mixture afforded a 
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light yellow compound which was crystallised from acetone to yield 
light yellow crystals of 3-benzoyl-7-hydroxy-2-methylbenzo-4-pyrone 
(XCIV) (135 mg, 25-/.), m.p.230-2°C. 
IR(KBr) 
UV(MeOH) 
: >) 3400, 2930, 1670, 1660, 1600, 1580, 1530, 1465, 
*^ max 
1400, 1370, 1235, 1155, 950, 860, 760, 690, 630 cm"-"". 
• yXraax 220, 252, 291 nm. 
NMRCCDClg) : d 2.40 (3H, s, 2-CH3), 6.70-7.00 (3H, m, 6,8-H; 
7-OH), 7.32-7.55 (3H, m, Ar-H), 7.70-8.00 (3H, m, 
Ar-H). 
MS(rel. int.): m/z 281 (32.55), 280 (75.87), 265 (16.56), 252 
(18.02), 251 (87.20), 203 (17.44), 175 (15.23), 137 
(38.16), 136 (15.20), 129 (12.60), 109 (18.13), 108 
(27.55), 105 (33.67), 77 (59.18), 67 (55.30), 43 
(100). 
PREPARATION OF 2'-HYDROXY-4,4',6'-TRIMETHOXYCHALCONE (C) 
To a mixture of phloroacetophenone-4,6-dimethyl ether 
(5.00 g, 25.5 mmol) and p-anisaldehyde (3.47 g, 25.5 mmol) in 
alcohol (50 ml) was added hot 50/ aqueous solution of sodium 
hydroxide (10 g). The resulting mixture was heated at 50 C for 
30 minutes. The contents were then cooled and poured into cold 
water and neutralised with dilute hydrochloric acid. A yellow 
solid was obtained which was filtered, washed with water, dried. 
Ill 
and c r y s t a l l i s e d from a lcoho l t o y i e l d yel low n e e d l e s of 2 ' - h y d r o x y -
4 , 4 » , 6 ' - t r i m e t h o x y c h a l c o n e (C) (5 .85 g , 73><), m . p . l l 2 - 3 ° C (lit."'-'^-'-, 
m . p . l l 3 - 4 ° C ) . 
PREPARATION OF 2'-HYDR0XY-^,4'~DIMETH0XYCHALC0NE (CIV) 
To a cold suspens ion of equimolar amounts of 2 -hydroxy-4 -
methoxyacetophenone (8 g , 50 mmol) and p - a n i s a l d e h y d e (7 g , 50 mmol) 
in a l coho l (16 ml) was added a co ld 60'/. aqueous s o l u t i o n of po tass ium 
hydroxide (95 g ) . The f l a sk was s toppered s e c u r e l y and al lowed t o 
s t and a t room t empera tu re for one week with o c c a s i o n a l shak ing . The 
c o n t e n t s were then poured on t o crushed i c e , n e u t r a l i s e d with d i l u t e 
h y d r o c h l o r i c ac id t o g ive a ye l low p r e c i p i t a t e . The crude s o l i d was 
f i l t e r e d , washed wi th w a t e r , d r i e d and c r y s t a l l i s e d from methanol t o 
a f fo rd yel low n e e d l e s of 2 ' - h y d r o x y - 4 , 4 ' - d i m e t h o x y c h a l c o n e (CIV) 
(10 .4 g) m.p.89-91°C ( l i t . ^ ^ m.p .90-91°C) . 
PREPARATION OF 2«>HYDROXY-3,4,4'-TRIMETH0XYCHALC0NE (CVI) 
To t h e co ld mix tu re of 2-hydroxy-4-methoxyacetophenone 
(8 g , 50 mmol) and 3 ,4-dimethoxybenzaldehyde (8 g , 50 mmol) in 
a l coho l (20 ml) was added, wi th shak ing , a 60>< aqueous s o l u t i o n of 
po tass ium hydroxide (95 g ) . The c o n t e n t s were then s toppered and 
l e f t a t room t empera tu r e fo r one week wi th o c c a s i o n a l shak ing . The 
r e a c t i o n mix tu re was poured i n t o co ld w a t e r , n e u t r a l i s e d wi th d i l u t e 
h y d r o c h l o r i c a c i d . A yel low s o l i d p r e c i p i t a t e d which was f i l t e r e d , 
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washed with water, dried over anhydrous Na^SO. and crystallised 
from alcohol to yield yellow needles of 2 •-hydroxy-3,4,4'-triInethoxy-
chalcone (CVI) (10.75 g), m.p.l50-2°C. 
NMRCCDCI^) : d 3.83 (3H, s, 3-OCH3), 3.90 (6H, s, 4,4'-0CH3), 6,40 
(2H, mc, 3',5'-H), 6.80 (IH, d, J=9 Hz, 5-H), 7.16 
(2H, d, J=9 Hz, 2,6-H), 7.30 (IH, d, J=17 Hz, a-H), 
7.75 (IH, d, J=9 Hz, 6'-H), 7.79 (IH, d, J=17 Hz, 
p-H), 13.50 (IH, s, 2'-0H). 
REACTION OF 2'-HYDR0XY-4,4',6'--TRIMETH0XYCHALC0NE (C) WITH IODINE 
MONOCHLORIDE IN THE PRESENCE OF SODIUM HYDROXIDE 
To a mixture of 2'-hydroxy-4,4',6'-triinethoxychalcone 
(3.14 g, 0.01 mol) in alcohol (20 ml) and sodium hydroxide (0.4 g, 
0.01 mol) in water (0.4 ml), iodine monochloride (1.63 g, 0.01 mol) 
was added dropwise at room temperature with stirring. Stirring was 
continued for additional 15 minutes at room temperature and the 
mixture was poured into water. A red solid precipitated which was 
filtered, washed with water and dried. Crystallisation of the crude 
product from acetone afforded yellow needles of 2'-hydroxy-3'-iodo-
4,4«,6'-trimethoxychalcone (CI) (4.10 g, 93><), m.p.178^0 (lit.-''^ ^ 
m.p.l78-9°C). 
iR(KBr) : ^ „ = ^  3400, 2930, 1620, 1600, 1580, 1555, 1515, 1440, 
1350, 1285, 1250, 1215, 1175, 1150, 1115, 1030, 970, 
820, 610 cm"-"-. 
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NMR(CDCl3) : d 3 .88 (3H, s , 4-OCH3), 3 .90 (3H, s , 6'-OCH3), 4 . 00 
(3H, s , 4»-0CH3), 6 .10 ( IH, s , 5 ' - H ) , 6.96 (2H, d, 
J=9 Hz, 3 , 5 - H ) , 7 .58 (2H, d, J=9 Hz, 2 , 6 - H ) , 7 .82 
(2H, s , a , p - H ) , 13 .20 (IH, s , 2»-0H) . 
MS(re l . i n t . ) : m/z 440 ( 1 9 ) , 439 ( 8 5 ) , 438 ( 3 9 ) , 333 ( 1 1 ) , 307 ( 2 1 ) , 
306 ( 1 0 0 ) , 206 ( 2 4 ) , 179 ( 2 4 ) , 135 ( 1 9 ) , 134 ( 3 5 ) , 
133 ( 1 6 ) , 121 ( 9 3 ) . 
OXIDATION OF 2'--HYDR0XY-3'-I0D0-4,4',6'--TRIMETH0XYCHALC0NE (CI) 
A mix tu re of 2 ' - h y d r o x y - 3 ' - i o d o - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e 
( 1 . 0 g) and se lenium d iox ide ( 0 . 3 g) in dioxane (50 ml) was r e f l u x e d 
fo r 24 h o u r s . The r e a c t i o n mix tu re was then poured on t o c rushed i ce 
t o g ive a whi te s o l i d which was f i l t e r e d , washed and d r i e d . C r y s t a l -
l i s a t i o n from a l c o h o l gave c o l o u r l e s s n e e d l e s of 8 - i o d o - 5 , 7 , 4 ' - t r i -
methoxyflavone (CII ) (0 .45 g ) , m.p.237°C (lit .-*-^^ m.p .236-7°C) . 
NMR(CDCl3) : d 3.92 (3H, s , 4«-0CH3), 4 .05 (6H, s , 5,7-0CH3), 
6.46 ( IH, s , 6 -H) , 6.69 ( IH, s , 3 -H) , 7 .07 (2H, d, 
J=9 Hz, 3 ' , 5 ' - H ) , 8 .08 (2H, d, J=9 Hz, 2 ' , 6 ' - H ) . 
REACTION OF 2'-HYDR0XY-4,4'-DIMETH0XYCHALC0NE' (CIV) WITH IODINE 
MONOCHLORIDE IN THE PRESENCE OF SODIUM HYDROXIDE 
2'-Hydroxy-4,4'-dimethoxychalcone (2 g, 7 mmol) was 
dissolved in alcohol and aqueous solution of sodium hydroxide 
ISO 
(0,3 g, 7,5 mmol) was added to it. Iodine monochloride (1.141 g, 
7 mmol) was then added dropwise with stirring. The contents were 
stirred for 15 minutes, then poured into cold water. A solid 
precipitated which was filtered, washed with water, dried and 
crystallised from alcohol to furnish yellow needles of 
2'-hydroxy-5'-iodo-4,4'-diinethoxychalcone (CV) (2.667 g, 92j<) , 
m.p,182-4 C. 
IR(KBr) : ^ 
max 
3430, 2950, 1625, 1600, 1555, 1505, 1420, 
1360, 1285, 1210, 1165, 1035, 820, 650 cm -1 
NMR(CDCl3) : d 3.90 (3H, s, 4-OCH3), 3.95 (3H, s, 4'-0CH3), 6.47 
(IH, s, 3'-H), 6.95 (2H, d, J=9 Hz, 3,5-H), 7.37 
(IH, d, J=17 Hz, a-H), 7.65 (2H, d, J=9 Hz, 2,6-H), 
7.94 (IH, d, J=17 Hz, p-H), 8.27 (IH, s, 6»-H), 
13.30 (IH, s, 2'-OH). 
MS(rel. int.): m/z 410 (7.34), 409 (8.10), 408 (40.33), 303 (6.09), 
277 (12.15), 276 (10.54), 161 (18.35), 135 (22.00), 
134 (100), 133 (12.15), 121 (46.15), 119 (16.59), 
108 (5.03), 91 (8.56). 
REACTION OF 2'HYDR0XY-3,4,4'-TRIMETH0XYCHALC0NE (CVI) WITH IODINE 
MONOCHLORIDE IN THE PRESENCE OF SODIUM HYDROXIDE 
To a mixture of 2'-hydroxy-3,4,4'-trimethoxychalcone 
(2 g, 6 mmol) in alcohol and sodium hydroxide (0.3 g, 7.5 mmol) in 
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water was added iodine monochloride (0.980 g, 6 mmol) dropwise. 
The reaction mixture was stirred for 15 minutes. The contents 
were then poured into water to get a solid which was filtered, 
washed with water, dried and crystallised from alcohol to yield 
yellow crystals of 2'-hydroxy-5'-iodo-3,4,4'-trimethoxychalcone 
(CVII) (2.634 g, 94><) , m.p. 197-8°C. 
IR(KBr) = ^ 
max 
3430, 2935, 1620, 1605, 1580, 1550, 1510, 
NMR(CDCl3) 
1435, 1425, 1355, 1285, 1215, 1170, 1160, 1135, 
1030, 970, .820, 630 cm""^ . 
: d 3.80 (3H, s, 3-OCH3), 3.88 (3H, s, 4-OCH3), 3.90 
(3H, s, 4'-0CH3), 6.45 (IH, s, 3'-H), 6.80 (IH, d, 
J=9 Hz, 5-H), 7.16 (2H, d, J=9 Hz, 2,6-H), 7.30 
(IH, d, J=17 Hz, a-H), 7.80 (IH, d, J=17 Hz, p-H), 
8.26 (IH, s, 6»-H), 13.28 (IH, s, 2'-0H). 
MS(rel. int.): m/z 441 (11.25), 440 (55.71), 425 (7.38), 303 (8.54) 
277 (10.30), 276 (6.08), 236 (10.21), 206 (8.06), 19: 
(15.10), 165 (20.15), 164 (100), 151 (73.25), 150 
(10.25), 149 (28.21), 138 (8.29), 121 (10.16). 
PREPARATION OF 2',4',4,6'-TETRAMETH0XYCHALC0NE (CXc) 
To a mixture of 2,4,6-trimethoxyacetcphenone (10 g, 
47.6 mmol) and p-anisaldehyde (6.48 g, 47.6 mmol) in alcohol 
(50 ml) was added 50j< solution of sodium hydroxide (20 g) in hot 
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wate r . The r e a c t i o n mix ture was hea ted on t h e wa te r ba th fo r 
30 minu te s . The c o n t e n t s were then poured i n t o co ld w a t e r , n e u t r a -
l i s e d wi th d i l u t e h y d r o c h l o r i c a c i d . A l i g h t ye l low s o l i d p r e c i p i -
t a t e d which was f i l t e r e d , washed wi th w a t e r , d r i e d and c r y s t a l l i s e d 
fromalcohol t o g ive l i g h t ye l low cubes of 2 ' , 4 ' , 4 , 6 ' - t e t r a m e t h o x y -
chalcone (10.92 g ) , m . p . l l 8 - 2 0 ° C (lit."'-^-^ m . p . l l 9 - 2 0 ° C ) . 
PREPARATION OF 3'-BR0M0-2',4',4,6'-TETRAMETH0XYCHALC0NE (CXb) 
A mix tu re of 2 ' , 4 ' , 4 , 6 ' - t e t r a m e t h o x y c h a l c o n e (XCc) ( 3 . 0 g , 
9 .15 mmol) and N-bromosuccinimide (1 .63 g , 9.15 mmol) in carbon 
t e t r a c h l o r i d e (100 ml) was r e f l u x e d on a wate r ba th fo r 2 h o u r s . The 
r e a c t i o n mix tu re soon t u rned r e d , p robably due t o t h e e v o l u t i o n of 
hydrobromic a c i d . Water was then added and o rgan ic l a y e r washed 
s eve ra l t imes wi th w a t e r , d r i e d over anhydrous sodium s u l p h a t e and 
evapora ted t o g ive a yel low s o l i d which was c r y s t a l l i s e d from a 
mix ture of ace tone and carbon t e t r a c h l o r i d e t o g ive f e a t h e r y 
c r y s t a l s of 3 ' - b r o m o - 2 ' , 4 ' , 4 , 6 ' - t e t r a m e t h o x y c h a l c o n e (2 .60 g ) , 
m.p,130-3°C. 
NMR(CDCl3) : d 3 .70 (9H, s , 2 ' , 4 , 6 ' - 0 C H 3 ) , '^'^"^ ^^"* ®» 4'-OCH3), 
6.28 (IH, s , 5 ' - H ) , 6.76 ( IH, d, J=16 Hz, H - a ) , 6.80 
(2H, d, J=9 Hz, 3 , 5 - H ) , 7.24 ( IH, d, J=16 Hz, p -H) , 
7 .38 (2H, d, J=9 Hz, 2 , 6 - H ) . 
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PREPARATION OF 3'-BR0MO2'~HYDR0XY-4,4',6'--TRIMETH0XYCHALC0NE (XCa) 
2«-Hydroxy-4,4',6'-trimethoxychalcone (C) (3.0 g,9.55 mmol) 
and N-bromosuccinimide (1.7 g, 9.55 mmol) in carbon tetrachloride 
were refluxed on a water bath for 4 hours. Water was then added and 
organic layer washed with water, dried over anhydrous sodium sulphate 
and evaporated to give a yellow crude solid which was subjected to 
column chromatography, Elution of the column with petrolrbenzene 
(1:1) afforded 3'-bromo-2'-hydroxy-4,4',6'-trimethoxychalcone (CXa) 
(2.37 g), m.p.l68-9°C. 
NMR(CXl3) : d 3.76 (3H, s, 4-OCH3), 3.88 (6H, s, 4',6'-OCH3), 
5.94 (IH, s, 5'-H), 6.75 (2H, d, J=9 Hz, 3,5-H), 7.47 
(2H, d, J=9 Hz, 2,6-H), 7.70 (2H, s, a,p-H), 12.52 
(IH, s, 2'-0H). 
REACTION OF 2'-HYDR0XY-3'-I0D0~4,4',6'-TRIMETH0XYCHALC0NE (CI) WITH 
NiCl2-Zn-KI REAGENT SYSTEM 
A mix tu re of 2 ' - h y d r o x y - 3 ' - i o d o - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e 
(880 mg, 2 . 0 mmol), n i c k e l c h l o r i d e (284 mg, 2 . 2 mmol), z inc powder 
(132 mg, 2 . 0 mmol) and potass ium iod ide (416 mg, 2 . 5 mmol) in 
N,N-dimethylformamide was r e f l u x e d for 3 hours., To t h e r e s u l t i n g 
mix tu re was added aqueous sodium c h l o r i d e and the organic m a t e r i a l 
was e x t r a c t e d wi th e t h y l a c e t a t e . The organic l a y e r was washed 
s u c c e s s i v e l y wi th aqueous sodium c h l o r i d e and w a t e r , d r i e d over 
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anhydrous sodium sulphate . Evaporation of the solvent yielded a 
crude so l id which was subjected to column chromatography over s i l i c a 
ge l . Elution with petrol :benzene (7:3) afforded a white so l id which 
was c r y s t a l l i s e d from alcohol to y ie ld white feathery c r y s t a l s of 
5-hYdroxy-7,4'-dimethoxYflavanone (CVIII) (480 mg, 80*/), m,p,115-6°C 
( l i t , m.p,118°C). Further e lu t ion of the column with p e t r o l : 
benzene (3:2) gave a t race of 5-hydroxy-7,4'-dimethoxyflavone (CIX), 
IR(KBr) 
-S) max 3440, 3000, 2940, 2850, 1640, 1585, 1520, 1460, 
1430, 1390, 1370, 1310, 1280, 1260, 1215, 1155, 1085, 
1030, 850, 810, 760 cm"-"-. 
UV(MeOH) 
NMR(CDCl3) 
max 
225, 286, 320 nm. 
: d 2.82 (2H, mc, 3-H), 3.70 (6H, s, 7,4'-0CH3), ^'^^ 
(IH, q, Jtrans^^^ "^' ^ cis=^ "^' ^ ""^  ' ^ -^ "^  ^ ^"' ®' 
6,8-H), 6.85 (2H, d, J=9 Hz, 3S5'-H), 7.28 (2H, d, 
J=9 Hz, 2',6'-H), 16.00 (IH, s, 5-OH). 
MS(rel. int.): m/z 301 (4.55), 300 (24.37), 299 (79.39), 298 (33.05), 
193 (16.77), 192 (5.22), 167 (8„92), 166 (6.16), 138 
(13.38), 135 (14.49), 134 (100), 122 (8.07), 121 
(77.69), 119 (19.77), 108 (6.08), 91 (19.24). 
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REACTION OF 3'-BR0M0-2'~HYDR0XY-4,4',6'-TRIMETH0XYCHALC0NE (CXa) 
WITH NiCl2-Zn-KI REAGENT SYSTEM 
A mix tu re of 3 ' - b r o m o - 2 ' - h y d r o x y - 4 , 4 ' , 6 ^ - t r i m e t h o x y -
cha lcone ( 0 , 5 g , 1.272 mmol), n i c k e l c h l o r i d e ( 0 . 1 8 1 g, 1.4 mmol), 
z inc powder (0 .084 g , 1.272 mmol) and potass ium iod ide (0 .264 g , 
1.59 mmol) in N,N-dimethylformamide was r e f l u x e d f o r 3 h o u r s . The 
usua l work up of t h e r e a c t i o n a f fo rded a crude p roduc t which was 
chromatographed over s i l i c a g e l . E l u t i o n of the column wi th p e t r o l : 
bwnzene (8 :3 ) gave 5 -hydroxy-7 ,4 ' -d ime thoxyf l avanone (CVIII) 
(0 .275 g, 72>i). F u r t h e r e l u t i o n of the column wi th p e t r o l : b e n z e n e 
(1 :1 ) gave t r a c e of 5 -hydroxy-7 ,4 ' -d ime thoxyf l avone (CIX). 
REACTION OF 3'-BR0M0-2',4',4,6'~TETRAMETH0XYCHALC0NE (CXb) WITH 
NiCl2-Zn-KI REAGENT SYSTEM 
3 * - B r o m o - 2 ' , 4 ' , 4 , 6 ' - t e t r a m e t h o x y c h a l c o n e ( 0 . 8 g , 1.965 
mmol), n i c k e l c h l o r i d e (0 .279 g , 2.162 mmol), z inc powder (0 .130 g, 
1.^65 mmol) and potass ium iod ide (0 .408 g, 2.456 mmol) in N ,N-d i -
methylformamide was r e f l u x e d f o r 2 . 5 h o u r s . The c o n t e n t s were then 
poured i n t o wa te r and e t h y l a c e t a t e added. The o rgan ic l a y e r was 
washed with aqueous sodium c h l o r i d e and w a t e r , d r i e d over anhydrous 
sodium s u l p h a t e and evapora ted t o g ive a crude p r o d u c t . Column 
chromatography over s i l i c a ge l fu rn i shed 5 - h y d r o x y - 7 , 4 ' - d i m e t h o x y -
f lavanone (CVIII) (0 .343 g, 75j<) a longwith a t r a c e of 5-hydroxy-
7 ,4«-d imethoxyf lavone (CIX). 
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REACTION OF 2'~HYDR0XY~4,4',6'-TRIMETH0XYCHALC0NE (C) WITH 
NiCl^-Zn-KI REAGENT SYSTEM 
2 ' - H y d r o x y - 4 , 4 ' , 6 ' - t r l m e t h o x y c h a l c o n e ( 0 . 4 g , 1,27 mmol), 
n i c k e l c h l o r i d e (0 .179 g , 1,402 mmol), z inc powder (0 .084 g, 1.274 
mmol) and potass ium iod ide (0 .264 g , 1,596 mmol) were r e f l u x e d in 
N,N-dimethylformaraidefor 2 h o u r s . The r e a c t i o n mix tu re was poured 
i n t o aqueous sodium c h l o r i d e . The organic m a t e r i a l was e x t r a c t e d 
with e t h y l a c e t a t e , washed wi th wa te r and d r i e d over anhydrous 
sodium s u l p h a t e . The crude p r o d u c t , ob ta ined on evapora t ion of t h e 
s o l v e n t , was chromatographed over s i l i c a g e l t o g i v e 5-hydroxy-
7 ,4 ' - d ime thoxyf l avanone (CVIII) (0 .306 g , 80;^) and a t r a c e of 
5 -hydroxy-7 ,4 ' -d ime thoxyf l avone (CIX). 
REACTION OF 2'-HYDR0XY-3'--I0D0"4,4',6'-TRIMETH0XYCHALC0NE (CI) WITH 
NiCl2-Zn-KI REAGENT SYSTEM 
A mix tu re of 2 ' - h y d r o x y - 3 ' - i o d o - 4 , 4 ' , 6 * - t r i m e t h o x y c h a l c o n e 
( 0 . 3 g , 0 ,68 mmol), n i c k e l c h l o r i d e (0 .096 g , 0 .75 mmol), z inc dust 
(0 .049 g, 0 .68 mmol) and po tass ium iod ide ( 0 . 1 4 1 g, 0 ,85 mmol) was 
r e f l u x e d for one week. The c o n t e n t s were then poured i n t o aqueous 
sodium c h l o r i d e and e t h y l a c e t a t e was added. Organic l a y e r was 
washed wi th w a t e r , d r i e d over anhydrous sodium s u l p h a t e and evapora -
t e d t o g ive a crude produc t which was sub j ec t ed t o column chromato-
graphy over s i l i c a g e l . E l u t i o n of the column v/ith p e t r o l r b e n z e n e 
18/ 
(1 :1) gave 5-hydroxy-7 ,4«-d imethoxyf lavone (CIX) (0 .146 g , 7 2 / ) , 
m . p . l 7 0 - l ° C ( l i t . -"-^^ m . p . l 7 3 ° C ) . 
IR(KBr) 
NMR(CDCl2) 
:S) 
max 
3400, 2850, 1620, 1508, 1440, 1350, 1250, 
- 1 1190, 835 , 770 cm . 
UV(MeOH) : \ 270 , 328 nm. 
/* max 
: d 3 .85 (6H, s , 7 , 4 ' - 0CH3) , 6 .27 ( IH, d, J=:3 Hz, 6-H), 
6.36 ( IH, d, J=3 Hz, 8-H), 6.45 ( IH, s , 3-H) , 6 .90 
(2H, d, J=9 Hz, 3 ' , 5 ' - H ) , 7 ,72 (2H, d, J=9 Hz, 
2 ' , 6 » - H ) \ 16 .50 ( IH, s , 5-OH). 
MS(re l . i n t . ) : m/z 299 ( 1 8 . 7 1 ) , 298 ( 1 0 0 ) , 297 ( 1 3 . 8 5 ) , 270 ( 5 . 3 2 ) , 
269 ( 2 3 . 4 5 ) , 255 ( 1 3 . 4 2 ) , 166 ( 1 3 . 5 4 ) , 138 ( 1 0 . 1 6 ) , 
135 ( 1 3 . 6 8 ) , 132 ( 1 5 . 6 7 ) . 
REACTION OF 3'-BR0M0-2'-HYDR0XY~4,4«,6«--TRlMETH0XYCHALC0NE (CXa) 
WITH NiCl2-Zn-KI REAGENT SYSTEM 
3 ' - B r o m o - 2 ' - h y d r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e (0 .35 g, 
0 .90 mmol) ,^  n i c k e l c h l o r i d e (0 .128 g , 0 .99 mmol), z inc powder 
(0 .059 g , 0 .90 mmol) and po tass ium iod ide (0 .187 g , 1.13 mmol) were 
r e f l u x e d in N,N-dimethylformamide fo r one week. The r e a c t i o n mixture 
was then poured i n t o aqueous sodium c h l o r i d e and e t h y l a c e t a t e was 
added. The o rgan ic l a y e r was washed with w a t e r , d r i e d and evapora -
t e d t o g ive a crude p r o d u c t . Column chromatography over s i l i c a ge l 
y i e l d e d 5 -hyd roxy -7 ,4 ' - d ime thoxyf l avone (CIX) . (0 .173 g, 6^%), 
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REACTION OF 3'-BR0M0~2',4',4,6'-TETRAMETH0XYCHALC0NE (CXb) WITH 
NiClg-Zn-KI REAGENT SYSTEM 
A mixture of 3'-bromo-2',4',4,6'-tetramethoxychalcone 
(0.5 g, 1,23 mmol), nickel chloride (0.174 g, 1,35 nunol), zinc 
powder (0.081 g, 1.23 mmol) and potassium iodide (0.255 g, 1.54 
mmol) in N,N-dimethylformamide was refluxed for one week. The 
contents were then poured into aqueous sodium chloride and organic 
material was extracted with ethyl acetate. The organic layer was 
washed with water, dried over anhydrous sodium sulphate and evapo-
rated to furnish a crude product. The crude product was subjected 
to column chromatography and eluted with petrol:benzene (1:1) to 
give 5-hydroxy-7,4'-diinethoxyflavone (CIX) (0.220 g, 60;^). 
REACTION OF 2',4«,4,6'-TETRAMETH0XYCHALC0NE (CXc) WITH NiCl2-Zn-KI 
REAGENT SYSTEM 
A mixture of 2 ' , 4 ' , 4 ,6 ' - t e t r ame thoxycha l cone (1 .0 g, 3.0 
mmol), n ickel ch lor ide (0.426 g, 3.3 mmol), zinc powder (0.198 g, 
3.0 mmol) and potassium iodide (0.623 g, 3.75 mmol), in N,N-dimethyl 
formamide was refluxed for one week. The reac t ion was worked up in 
the previously described manner to afford a crude product which was 
subjected t o column chromatography over s i l i c a g e l . Elution of the 
column with petrol :benzene (1:1) yielded 5-hydroxy-7,4'-dimethoxy-
flavone (CIX) (0.636 g, 7 0 / ) . 
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REACTION OF 2'-HYDR0XY~4,4',6'-TRIMETH0XYCHALC0NE (C) WITH 
NiCl2-Zn-KI REAGENT SYSTEM 
2'-Hydroxy-4,4',6'-triinethoxychalcone (0.314 g, l.OmmoI), 
nickel chloride (0.142 g, 1.1 mmol), zinc powder (0.066 g, 1.0 mmol) 
and potasium iodide (0.208 g, 1.25 mmol) were refluxed in N,N-di-
methylformamide for one week. The reaction mixture was then poured 
into aqueous sodium chloride and organic material was extracted with 
ethyl acetate. Organic layer was washed with aqueous sodium 
chloride and water, dried over anhydrous sodium sulphate and evapo-
rated to give a crude product. The crude product was subjected to 
column chromatography, Elution with petrol:benzene (1:1) yielded 
5-hydroxy-7,4«-dijnethoxyflavone (CIX) (0.231 g, 74-/.), 
REACTION OF 5-HYDR0XY-7,4'-DIMETH0XYFLAVAN0NE (CVIII) WITH 
NiCl2-Zn-KI REAGENT SYSTEM 
A mixture of 5-hydroxy-7,4'-dimethoxyflavanone (200 mg, 
0.66 mmol), nickel chloride (96 mg, 0.74 mmol), zinc powder (44 mg, 
0.66 mmol) and potassium iodide (140 mg, 0.84 mmol) in N,N-dimethyl-
formamide was refluxed for one week. The contents were then poured 
into water and ethyl acetate was added. The organic layer was 
washed with aqueous sodium chloride and water, successively and 
dried over anhydrous sodium sulphate. Evaporation of solvent 
furnished a crude solid which was subjected to column chromatography 
over silica gel to get 5-hydroxy-7,4'-dimethoxyflavone (CIX) 
(149 mg, 75>i). 
l i O 
REACTION OF 2'-HYDR0XY-4,4',6'-TRIMETH0XYCHALC0NE (C) WITH ZINC 
CHLORIDE 
2 ' - H y c l r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e (3 g) was r e f l u x e d 
in N,N-diinethylformamide in t h e p re sence of z inc c h l o r i d e (2 g) for 
one week. The r e a c t i o n mix tu re was then poured i n t o water and 
organic m a t e r i a l was e x t r a c t e d wi th e t h y l a c e t a t e , washed wi th 
w a t e r , d r i e d over anhydrous sodium s u l p h a t e and passed over cha rcoa l 
t o remove co loured i m p u r i t i e s . Evapora t ion of t h e so lven t gave a 
crude s o l i d . T . l . c . examinat ion r e v e a l e d i t t o be a mix ture of four 
p r o d u c t . The crude s o l i d was s u b j e c t e d to column chromatography 
over s i l i c a g e l . E l u t i o n of t h e column wi th p e t r o l r b e n z e n e (4 :1 ) 
gave 5-hydroxy-7 ,4»-d imethoxyf lavanone (CVIII) (372 mg, 13><). 
E l u t i o n wi th b e n z e n e : e t h y l a c e t a t e (1 :1 ) a f fo rded 5 , 5 " - d i h y d r o x y -
7 , 7 " , 4 ' , 4 " ' - t e t r a m e t h o x y - [ 8 , 8 " ] - b i f l a v a n o n e (CXII) (430 mg, 15><), 
m.p,170-2 C. F u r t h e r e l u t i o n wi th b e n z e n e : e t h y l a c e t a t e (3 :2 ) 
y i e lded 5 , 5 " - d i h y d r o x y - 7 , 7 " , 4 ' , 4 ' " - t e t r a m e t h o x y - [ 6 , 8 " ] - b i f l a v a n o n e 
(CXIII) (286 mg, 10?<), m.p. 172-4°C (lit.""-^^ m . p . l 7 2 - 5 ° C ) . When the 
column was f u r t h e r e l u t e d with t h e same s o l v e n t sys tem, a compound 
was ob ta ined which was c h a r a c t e r i s e d as 5 , 5 " - d i h y d r o x y - 7 , 7 " , 4 ' , 4 ' " -
t e t r a m e t h o x y - [ 6 , 6 " ] - b i f l a v a n o n e (CXIV) (487 mg, 1 7 ^ ) , m.p,291-4°C 
( l i t . ^ ^ ® m.p .292-4°C) . 
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5,5"~DIHYDR0XY-7,7" ,4' ,4"'-'TETRAMETH0XY-[8,8"]-BIFLAVAN0NE (CXII) 
UV(MeOH) 
NMR(CXl3) 
IR(KBr) : ^^^^ 3440, 2980, 2935, 2830, 1635, 1610, 1585, 1575, 
1520, 1450, 1380, 1285, 1260, 1155, 1120, 1030, 850, 
760, 650, 620 cm"-"-. 
: X^^^ 228, 290, 320 nm. 
: d 3.00 (4H, mc, 3,3"-H), 3.76 (6H, s, 4',4"'-OCH3), 
3.82 (6H, s, 7,7"-OCH3), 5.33 (2H, mc, 2,2"-H), 6.05 
(2H, s, 6,6"-H), 6.91 (4H, d, Jr=9 Hz, 3',5',3'" ,5"'-H) 
7.37 (4H, d, J=9 Hz, 2',6',2*" ,6'"-H) , 12.12 (2H, s, 
(5,5"-OH). 
MS(rel. int.): m/z 578 (10.13), 444 (3.56), 430 (6.37), 429 (6.58), 
426 (3.81), 354 (13.41), 342 (14.26), 338 (18.43), 
333 (12.10), 332 (14.18), 312 (11.56), 311 (12.16), 
300 (15.40), 299 (63.42), 298 (33.38), 192 (22.40), 
166 (15.15), 165 (22.46), 135 (13.54), 134 (100), 
121 (87.10), 119 (22.16), 108 (6.08). 
5,5"-DIHYDR0XY-7,7",4',4'" -TETRAMETH0XY-[6,8"]-BIFLAVAN0NE (CXIII) 
IR(KBr) ^) 3450, 2980, 2930, 2830, 1635, 1610, 1580, 1570 
1515, 1455, 1380, 1260, 1160, 1030, 850, 755, 
660 cm . 
UV(MeOH) X 
max 
228, 289, 320 nm. 
l i l 
NMR(CDCl3) : d 3.02 (4H, mc, 3 , 3 " - H ) , 3.77 (3H, s , 4" ' -OCH3), 3 .81 
(6H, s , 4 ' , 7 " -OCH3), 3 .90 (3H, s , 7 -OCH3), 5 .46 
(2H, mc, 2 , 2 " - H ) , 6.22 (IH, s , 6 -H) , 6.30 (IH, s , 
8" -H) , 7 .00 (4H, d, J=9 Hz, 3 ' , 5 • , 3 ' " , 5 ' " - H ) , 7 .32 
(2H, d, J=9 Hz, 2 ' » ' , 6 ' " - H ) , 7 .49 (2H, d, J=9 Hz, 
2 ' , 6 ' - H ) , 12 .35 ( IH, s , 5-OH), 12 .52 (IH, s , 5'"-0H). 
MS(rel . i n t . ) : m/z 598 ( 1 6 . 2 4 ) , 570 ( 1 0 . 5 4 ) , 569 ( 3 . 2 9 ) , 568 ( 5 . 2 1 ) , 
465 ( 1 1 . 9 3 ) , 464 ( 3 0 . 4 1 ) , 461 ( 1 3 . 6 0 ) , 460 ( 6 . 1 9 ) , 
436 ( 8 . 6 9 ) , 434 ( 1 3 . 5 1 ) , 433 ( 1 6 . 6 8 ) , 432 ( 1 8 . 1 0 ) , 
300 ( 2 1 . 4 6 ) , 299 ( 3 0 . 1 7 ) , 298 ( 5 6 . 1 5 ) , 192 ( 1 6 . 6 6 ) , 
166 ( 1 8 . 2 8 ) , 165 ( 3 . 6 5 ) , 161 ( 1 4 . 6 4 ) , 135 ( 1 4 . 0 9 ) , 
134 ( 6 4 . 5 0 ) , 121 ( 1 0 0 ) , 119 ( 1 9 . 1 6 ) . 
5,5"~DIHYDR0XY-7,7",4',4"'--TETRAMETH0XY-[6,6"]-BIFLAVAN0NE (CXIV) 
IR(KBr) :^„.v 3440, 2980, 2930, 1640, 1610, 1575, 1520, 1480, 
1460, 1310, 1260, 1215, 1090, 990, 850, 810 cm""*". 
UV(MeOH) : \ ^^^ 229, 289, 322 nm. 
NMR(CDCl3) : d 2.98 (4H, mc, 3,3"-H), 3.76 (6H, s, 4',4'"-OCH3), 
3.85 (6H, s, 7,7"-OCH3), 5.75 (2H, mc, 2,2"-H), 6.40 
(2H, s, 8,8"-H), 6.86 (4H, d, J=9 Hz, 3',5',3"',5'"-H) , 
7.64 (4H, d, J=9 Hz, 2',6» ,2'" ,6'"-H) , 12.00 (2H, s, 
5,5"-OH). 
1 U ,1 
MS(re l . i n t . ) : m/z 598 ( 2 8 . 1 3 ) , 570 ( 8 . 1 5 ) , 569 ( 7 . 0 1 ) , 465 ( 7 . 8 1 ) , 
464 ( 1 5 . 1 1 ) , 463 ( 1 0 . 5 0 ) , 462 ( 1 6 . 2 4 ) , 461 ( 6 . 5 3 ) , 
460 ( 7 . 6 1 ) , 436 ( 8 . 1 1 ) , 434 ( 9 . 7 2 ) , 433 ( 1 0 . 8 4 ) , 432 
( 8 . 1 3 ) , 330 ( 3 9 . 5 0 ) , 300 ( 1 1 . 8 1 ) , 299 ( 2 1 . 6 3 ) , 192 
( 1 9 . 6 7 ) , 166 ( 1 6 . 3 4 ) , 165 ( 1 4 . 0 8 ) , 135 ( 5 . 2 4 ) , 134 
( 4 2 . 4 3 ) , 121 ( 1 0 0 ) , 119 ( 5 . 4 4 ) . 
DEHYDROGENATION OF 5,5"~DlHYDR0XY-'7,7",4' , 4 ' " ~TETRAMETH0XY-[8,8"]" 
BIFLAVANONE (CXII) 
A mix tu re of b i f l a v a n o n e (CXII) ( 0 . 3 g ) , potass ium a c e t a t e 
( 2 . 0 g) and i od ine ( 0 . 5 g) in a c e t i c anhydr ide was r e f l u x e d for 
4 hours . The r e a c t i o n mix ture was cooled down t o room tempera tu re 
and poured on t o t h e crushed i c e t o g ive a p r e c i p i t a t e which was 
e x t r a c t e d wi th e t h y l a c e t a t e . Removal of t he s o l v e n t y i e l d e d a 
s o l i d which was washed wi th carbon t e t r a c h l o r i d e t o remove i o d i n e . 
The crude p roduc t was sub j ec t ed t o column chromatography over s i l i c a 
g e l . E l u t i o n wi th b e n z e n e r e t h y l a c e t a t e (1 :1 ) gave a yel low s o l i d 
(63 mg), m.p.258-61^0 ( l i t . - ' "^^ m.p.259-61°C) which was found 
i d e n t i c a l t o an a u t h e n t i c sample of 5 , 5 " - d i h y d r o x y - 7 , 7 " , 4 ' , 4 ' " -
t e t r a m e t h o x y - [ 8 , 8 " ] - b i f l a v o n e ( c o - t . l . c , m.m.p. and u . v . s h a d e ) . 
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METHYLATION OF 5,5"~DIHYDR0XY-7,7",4',4'"-TETRAMETH0XY-[8,8"]-
BIFLAVONE 
5,5"-Dihydroxy-7,7'S4',4'" -tetramethoxy-[8,8"]-biflavone 
(63 mg), anhydrous potassium carbonate (1 g), dimethyl sulphate 
(0.5 ml) in dry acetone were refluxed on a water bath for 8 hours. 
The progress of the reaction was monitored by ale. FeCl^ test. The 
contents were filtered and the residue washed several times with 
hot acetone. The filtrate and washings were combined and evaporated 
to dryness. The yellow residue washed with petrol and then taken up 
in chloroform into a separating funnel and washed with water. The 
t.l.c. examination of the methylated product revealed it to be 
cupressuflavone hexamethyl ether (co-t.l.c. and characteristic shade 
in u.v. light). The crude product was purified on a silica gel 
column to give colourless compound, crystallised from chloroform-
methanol as white crystals (22 mg), m.p.296-8°C (lit.-^ ^^  m.p.295-7°C), 
NMR(CXl3) : d 3.76, 3.80, 4.10 (6H each, s, 5,5",7,7",4S4"'-0CH3), 
6.55 (2H, s, 6,6"-H), 6.60 (2H, s, 3,3"-H), 6.74 
(4H, d, J=9 Hz, 3',5',3"',5'"-H), 7.22 (4H, d, J=9 Hz, 
2',6',2'" ,6"'-H). 
DEHYDROGENATION OF 5,5"-DIHYDR0XY-7,7" ,4',4'" -TETRAMETH0XY-[6,8'']-
BIFLAVANONE (CXIII) 
5,5"-Dihydroxy-7,7",4»,4 '" - te t ramethoxy-[6 ,8"]-bi f lavanone 
(200 mg), potassium ace ta te (1.5 g) and iodine (0.4 g) in ace t ic 
195 
anhydride were refluxed for 6 hours. The usual work up of the 
reaction and column chromatography over silica gel afforded 
5,5"-dihydroxy-7,7",4',4'"-tetramethoxy-[6,8"]-biflavone (45 mg), 
m.p. >250°C. 
METHYLATION OF 5«5"-DIHYDR0XY-7,7" ,4',4'"-.TETRAMETHOXY-[6,8^']-
BIFLAVONE 
5,5»»-Dihydroxy-7,7«',4» ,4*" -tetramethoxy-[6,8"]-biflavone 
(45 mg), dimethyl sulphate (0.5 ml) and potassium carbonate (1 g) 
in dry acetone were refluxed for 8 hours. The usual work up of the 
reaction afforded agathisflavone hexamethyl ether (18 mg), 
m.p.l57-8°C (lit.-"-^ ^ m.p.l58-60°C). 
NMR(CDCl3) : d 3.61, 3.76, 3.80, 3.88, 3.90, 4.00 (3H each, s, 
5,5",7,7",4«,4'" -OCH3), 6.55 (IH, s, 3"-H), 6.60 
(IH, s, 3-H), 6.65 (IH, s, 6"-H), 6.90 (IH, s, 8-H), 
6.80 (2H, d, J=9 Hz, 3'",5"'-.H), 7.06 (2H, d, J=9 Hz, 
3',5'-H), 7.40 (2H, d, J=9 Hz, 2"/,6'"-H), 7.92 (2H, 
d, J=9 Hz, 2',6'-H). 
DEHYDROGENATION OF 5,5"-DIHYDR0XY~7,7",4«,4"' -TETRAMETH0XY-[6,6"]-
BIFLAVANONE (CXIV) 
A mixture of 5 ,5"-dihydroxy-7 ,7 ' ' ' ,4 ' ,4 ' " - te t ramethoxy-
[6 ,6"]-bi f lavanone (300 mg), potassium carbonate (2 .0 g) and iodine 
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(0.5 g) was refluxed in acetic anhydride for 6 hours. The usual work 
up of the reaction afforded 5,5"-dihydroxy-7,7",4',4'-'-tetramethoxy-
[6,6"]-biflavone (50 mg), m.p, >300°C (lit.-*-^ ^ m.p, >350°C). 
METHYLATION OF 5,5"~DIHYDR0XY-7,7'%4',4'^^ -TETRAMETHOXY-[6,6^0-
BIFLAVONE 
5,5"-Dihydroxy-7,7",4',4'" -tetramethoxy-[6,6"]-biflavone 
(50 mg) was refluxed with dimethyl sulphate (0.5 ml) and potassium 
carbonate (1 g) in dry acetone for 6 hours. The usual work up of 
the reaction yielded succedaneaflavone hexamethyl ether (17 mg), 
m.p. >300°C (lit.-"-^ ^ m.p. >300°C). 
NMR(CDCl3) : d 3.76 (6H, 5,5"-0CH3), ^'^^ ^^^^* ®* 7,7" ,4',4'"-0CH3), 
6.60 (2H, s, 3,3"-H), 6.85 (2H, s, 8,8"-H), 7.70 (4H, 
d, J=9 Hz, 3»,5',3'" ,5'"-H), 7.85 (4H, d, J=9 Hz, 
2',6',2'" ,6'"-H). 
REACTION OF 2LHYDR0XY--4,4',6'~TR1METH0XYCHALC0NE (C) WITH NICKEL 
CHLORIDE 
2 ' - H y d r o x y - 4 , 4 ' , 6 ' - t r i m e t h o x y c h a l c o n e (3 g) and n i c k e l 
c h l o r i d e (2 g) were r e f l uxed in N,N-dimethylformamide for one week. 
The r e a c t i o n mix tu re was then c o o l e d , poured I n t o wate r and e t h y l 
a c e t a t e added. The o rgan ic l a y e r was washed v/ith w a t e r , d r i e d over 
anhydrous sodium s u l p h a t e and evapora ted t o g ive a crude s o l i d . 
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T.l.c. examination revealed it to be a mixture of four products. The 
crude solid was then subjected to column chromatography over silica 
gel. Elution of the column with petrol:benzene (4:1) afforded 
2'-hydroxy-4,4',6'-trimethoxydihydroxychalcone (CXVIII) (90 mg), 
m,p.l38-40°C. Elution of the column with petrol:benzene (1:1) 
yielded unreacted chalcone (1.23 g) and 5-hydroxy-7,4'-dimethoxy-
flavanone (CVIII) (380 mg) successively. Elution of the column with 
ben2ene:ethyl acetate (49:1) gave a mixture of two compounds which 
was resolved by repeated column chromatography, using different 
ratio of petrol and acetone, into 5,5"-dihydroxy-7,7",4',4'" -tetra-
methoxy-[8,8"]-biflavanone (CXII) (160 mg) and 2"'-hydroxy-5,7,4', 
4",4'",6"'-hexamethoxy-[8,5"' ]-flavanonyl-chalcone (CXIX) (213 mg), 
m.p.l69-71°C. 
2•-HYDROXY-4,4',6'-TRIMETHOXYDIHYDROCHALCONE (CXVIII) 
IR(KBr) : ^njgx 3440, 2920, 2850, 1620, 1600, 1560, 1510, 
1470, 1445, 1330, 1260, 1220, 1175, 1125, 1040, 
825, 720 cm"-^ . 
UV(MeOH) : \^^^ 220, 282 nm. 
NMR(CDCl3) : d 2.80-3.35 (4H, m, a,p-CH2-), 3.81 (9H, s, 4,4',6'' 
OCH3), 5.91 (IH, d, J=3 Hz, 3'"H), 6.03 (IH, d, 
J=3 Hz, 5'-H), 6.82 (2H, d, J=9 Hz, 3,5-H), 7.15 
(2H, d, J=9 Hz, 2,6-H), 13.96 (IH, s, 2'-0H). 
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MS(re l . i n t . ) : m/z 317 ( 5 . 9 6 ) , 316 ( 3 0 . 9 8 ) , 301 ( 7 . 3 4 ) , 298 ( 4 . 7 9 ) , 
297 ( 4 . 5 1 ) , 181 ( 1 0 0 ) , 180 ( 8 . 4 2 ) , 153 ( 2 6 . 2 4 ) , 135 
( 8 . 3 7 ) , 134 ( 8 4 . 6 1 ) , 121 ( 3 7 . 9 1 ) . 
2 ' " -HYDROXY-5,7,4' , 4 ^ \ 4 " ; 6 ' " -HEXAMETHOXY-[8,5'" ]-FLAVAN0NYL-
CHALCONE (CXIX) 
iR(KBr) :V. 
max 
3400, 2900, 2850, 1640, 1620, 1580, 1550, 1515, 
UV(MeOH) 
NMR(CDCl3) 
1420, 1345, 1290, 1250, 1225, 1175, 1130, 1100, 1080, 
1030, 830, 800 cm"-^ . 
; X 225, 238, 280, 322, 365 nin. 
d 2.82 (2H, mc, 3-H), 3.75-3.92 (18H, s, 5,7,4',4", 
4'" ,6"'-0CH3), 5.34 (IH, mc, 2-H), 5.97 (IH, s, 
5"'-H), 6.02 (IH, s, 6-H), 6.92 (4H, d, J=9 Hz, 
3',5',3",5"-H), 7.37 (2H, d, J=9 Hz, 2',6'-H), 7.54 
(2H, d, J=9 Hz, 2",6"-H), 7.74 (2H, s, a,p-H), 12.10 
(IH, s, 2'"-OH). 
MS(rel. int.): m/z 628 (4.24), 627 (14.97), 626 (38.09), 625 (6.40), 
595 (5.45), 492 (6.92), 462 (2.85), 461 (9,17), 433 
(6.87), 432 (16.50), 327 (11.20), 326 (37.54), 314 
(40.21), 313 (100), 312 (36.14), 311 (14.15), 299 
(20.43), 298 (20.10), 205 (15.90), 194 (15.77), 193 
(67.31), 181 (20.14), 180 (22.25), 179 (55.23), 161 
(14.95), 134 (1714), 121 (68.07). 
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REACTION OF 2'~HYDR0XY-4,4',6'-TRIMETH0XYCHALC0NE (C) WITH IODINE 
IN METHANOLIC POTASSIUM HYDROXIDE 
2'-Hydroxy-4,4',6*-triniethoxychalcone (314 mg, 1 mmol) was 
dissolved in methanol and methanolic solution of potassium hydroxide 
(G. 5 g) was added to it. To the resulting mixture was added iodine 
(127 mg, 0.5 mmol) with shaking. The contents were stirred at room 
temperature for 3 hours and poured into ice-cold water. A red solid 
precipitated which was filtered, washed with water and dried. 
Crystallisation from alcohol yielded red crystals of 2',2*"-dihydroxy 
4,4',4%4'" ,6»,6'"-hexamethoxy-[5',5'*']-bichalcone (CXXXIX) (220 mg, 
70><), m.p. 189-91 °C (lit.-^ -^ ^ m.p. 191-2°C). 
IR(KBr) = ^ 
max 
3440, 2920, 2850, 1625, 1500, 1560, 1510, 1440, 
-1 
UV(MeOH) 
NMR(DMSO-d^) 
1360, 1260, 1220, 1170, 1030, 830 cm 
: X 228, 350, 370 nm. 
max ' * 
: d 3.80-4.00 (18H, s, 4,4',4",4"' ,6',6"'-OCH3), 5.62 
(2H, s, 3',3"'-H), 6.90 (4H, d, J=9 Hz, 3,5,3",5"-H), 
7.50 (4H, d, J=9 Hz, 2,6,2",6"-H), 7.65 (4H, s, a,3, 
a',p'-H), 14.35 (2H, s, 2',2"'-0H). 
MS(rel. int.): m/z 626 (80.68), 611 (8.62), 519 (3.56), 493 (6.54), 
492 (13.56), 491 (10.lO), 465 (15.48), 464 (22.49), 
463 (56.86), 461 (20.i9), 358 (16.42), 357 (3.14), 
2 (J] 
327 (21.43), 314 (20.24), 313 (8.92), 312 (11.73), 
301 (11.64), 194 (16.37), 179 (12.16), 180 (4.50), 
161 (19.41), 134 (60.21), 133 (25.85), 121 (100). 
OXIDATION OF 2' ,2'" -DIHYDROXY-4,4' ,4",4'",6', 6'" -HEXAMETHOXY-
[5S5'" 1-BICHALCONE (CXXXIX) WITH SELENIUM DIOXIDE 
A mixture of 2',2'"-dihydroxy-4,4',4^',4'" ,6',6"*-hexa-
methoxy-[5',5"']-bichalcone (100 mg) and selenium dioxide (0.5 g) 
in isoamyl alcohol was refluxed for 24 hours. The contents were 
then poured on the crushed ice. A solid precipitated which was 
filtered, with water and dried. Crystallisation washed from 
chloroform-methanol mixture gave crystals of succedaneaflavone 
129 hexamethyl ether (35 mg) (co-t.l.c, m.m.p. and n.m.r.). 
REACTION OF 2',2'"-DIHYDROXY-4,4',4",4'" ,6',6'"-HEXAMETH0XY-[5 ' ,5'" ]• 
BICHALCONE (CXXXIX) WITH ZINC CHLORIDE 
2',2'" -Dihydroxy-4,4',4",4'" ,6',6'" -hexamethoxy-fS',5'"]-
bichalcone (100 mg) was heated in the presence of zinc chloride 
(100 mg) in N,N-dimethylformamide for 3 hours. Powdered charcoal 
was then added and the contents filtered. The filtrate was poured 
on the crushed ice to give light yellow precipitate which was 
filtered washed and dried. Crystallisation from benzene-acetone 
mixture afforded 5,5"-dihydroxy,7,7",4',4'" -tetramethoxy-[6,6"]-
biflavanone (30 mg) (CXIV). 
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REACTION OF 2'-HYDR0XY-4,4'-DIMETH0XYCHALC0HE (CIV) WITH IODINE IN 
METHANOLIC POTASSIUM HYDROXIDE 
The reaction was performed in the previously described 
manner. Thus, 2'-hydroxy-4,4'-dimethoxychalcone (500 mg, 1.76 mmol] 
was dissolved in methanol and a methanolic solution of potassium 
hydroxide (1 g) was added to it with shaking. Iodine (112 mg, 0.88 
mmol) was added to the resulting mixture and the contents were 
stirred at room temperature for 3 hours and poured into ice cold 
water. The organic material was extracted with ethyl acetate, driec 
over anhydrous sodium sulphate. Evaporation of the solvent gave a 
yellow solid which was crystallised from alcohol to give crystals 
of 2',2'"-dihydroxy-4,4',4",4'" -tetramethoxy-[3',5"']-bichalcone 
(CXL) (370 mg, 74j<) , m.p.l80-l°C. 
IR(KBr) ; ^ ) 3440, 2900, 1620, 1580, 1510, 1440, 1420, 1365 
•^ max » » » » » » » 
1295, 1270, 1210, 1150, 1115, 1030, 960, 900, 830, 
735 cm . 
UV(MeOH) 
••\ max 
210, 230, 330, 380 nm. 
NMR(CDCl3) : d 3.85, 3.90, 4.00, 4.03 (3H, each, s, 4, 4",4", 
4'"- OCH^), 6.65 (IH, s, 3'"-H), 6.90 (7H, mc, 5',a,a 
3,5,3",5" -H), 7,75 (7H, mc, 6',?,8',2,6,2",6"-H), 
8.30 (IH, s, 6'"-H), 13.60 (IH, s, 2'-0H), 14.00 
(IH, s, 2'"-0H). 
20^ 
MS(rel. int.): m/z 567 (3.21), 566 (19.23), 565 (30.64), 459 (4.62), 
458 (3.29), 433 (14.19), 432 (19.61), 405 (45.23), 
404 (67.32), 326 (16.73), 325 (28.11), 299 (18.31), 27 
(8.67), 163 (7.35), 161(67.32), 150 (14.59), 149 
(10.95), 135 (24.45), 134 (100), 133 (34.56), 121 
(28.91). 
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